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ABSTRACT
This study investigated the effectiveness of the 3eT instructional model designed by
Hong (Hong, 2012a; Hong, O’Neil, Drobick, & Beisel, 2013) that focused on increasing
students’ creative-thinking ability. 120 seventh-graders in China participated in the study.
Participants were randomly assigned to the experimental or the control group. They learned a
segment of a science curriculum unit with instructional materials developed based on the 3eT
model which aimed to encourage students to use creative thinking techniques.
Patterns of students’ perceptions of a creative person were compared between the
experimental group and the control group. Content analyses of students’ narrative responses
elicited five themes: Thinking Ability, Personality, Motivation, Intelligence, and Skills. In
general, both the control and the experimental groups provided similar results for the five
themes. However, Fisher’s exact tests indicated that students in the experimental group proposed
more concepts related to “Divergent thinking,” “Like to conducting experiments and research,”
and “Having special talents,” which were some of the key features that the 3eT instructional
model had emphasized during the training.
The MANOVA tests indicated that significant differences were found in the combined
creative-thinking scores for three TIPS items. The follow-up ANOVA tests indicated significant
differences between groups on all three dependent variables (fluency, flexibility, and originality)
for the TIPS1. There were significant differences on originality mean scores across all three
TIPS items. In addition, the results of the current study did not support the claim that the 3eT
instructional model affected students’ science achievement scores.
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The current study provided a practical and effective way that creative-thinking techniques
could be integrated into the 3eT instructional model and be delivered in the regular classroom
curriculum.
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CHAPTER 1
INTRODUCTION
Creativity has been viewed as one of the major competencies an individual can use to
cope with our rapidly-changing world (Barron, 1988; Parkhurst, 1999; Sternberg, 2007, 2010). In
recent years, the development of creative potential in each new generation has become a core
issue in education in many nations (Shaheen, 2010). Policy documents in many countries, such
as Australia, Canada, the United Kingdom, China, and Singapore, have demonstrated the need to
nurture students’ creativity through education (Craft, 2007; NACCCE, 1999; National Science
Board, 2007; Shaheen, 2010; Tee, 2005).
Despite this need, discrepancies between policy initiatives and implementation of these
policies have been found in actual classroom instruction. While educational bureaus produced
textbooks, guidelines, and other instructional materials, it was found that teachers, as
practitioners, are not yet ready to embrace teaching creativity (Aljughaiman & MowrerReynolds, 2005; Cheung & Mok, 2013; Chien & Hui, 2010; Cropley & Cropley, 2009; Vong,
2008; Zhou, Shen, Wang, Neber, & Johji, 2013). Many teachers were uncertain about how they
could incorporate creativity-fostering activities into their teaching (Cropley & Cropley, 2009).
Teachers encountered difficulties in encouraging risk-taking creative behaviors, responding to
student mistakes, coping with student diversity, and designing creative activities (Cheng, 2010;
Tan, 2000). Various contradictions have been demonstrated in teachers’ understanding of
creativity and their thoughts on how to incorporate their understanding in classroom instruction
(Hong, Part, & Rowell, 2017). On the other hand, students in creativity training programs were
found to have difficulties in understanding both their teachers’ instructional goals and ways to
approach new kinds of learning tasks (Cheng, 2010; Walker & Gleaves, 2008). In some
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classroom contexts, creative personalities and behaviors were not valued by teachers and
students (Guncer & Oral, 1993; Ng & Smith, 2004). Recognizing the importance of creativity in
various sectors of human endeavors, educators are expected to rise to the challenge of infusing
creativity into classroom instruction.
Creativity-driven programs have been implemented in classrooms for the purpose of
fostering students’ creative thinking. A substantial amount of research sought to build various
creativity instructional models with specific thinking processes or thinking techniques to increase
particular creative-thinking skills in students (López-Mesa, Mulet, Vidal, & Thompson, 2011;
Scott, Leritz, & Mumford, 2004; Tseng, Chang, Lou, & Hsu, 2013; Wang, Rosé, Chang, 2011).
However, research that systematically combines a model for increasing creative thinking with a
curriculum unit is sporadic.
This study aimed to fill this gap and sought to implement a feasible instructional model
for teachers to use in their regular teaching curriculum in order to encourage students to think
creatively while learning a curriculum. In this study, the 3eT instructional model designed by
Hong (Hong, 2012a; Hong, O’Neil, Drobick, & Beisel, 2013) was used on a topic of science
instruction with seventh-grade Chinese students. In this model, students were taught and
encouraged to use creative-thinking techniques (e.g., brainstorming and Janusian) in each phase
of science instructions on a unit on properties of sound. Students’ creative-thinking ability and
achievement in science were tested to determine the effectiveness of the intervention utilizing the
3eT instructional model. Students’ conceptions of creativity and students’ and teachers’
perspectives of the current instructional model were examined.
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Background
The importance of creativity as one of the essential skills in education has been widely
acknowledged by politicians, policy makers, educators, and researchers (Beghetto & Kaufman,
2013; Craft, 2005; Kaufman, 2009). With such an emphasis on creativity in education, teaching
for creativity has assumed increasing importance in school curricula. However, creativity
instruction still prompts many problems and dilemmas (Hong et al., 2017). For example, lack of
agreed-on definitions is a burden for educations and researchers alike. That is, school leaders and
teachers do not have a clear understanding of what creativity means, along with lack of
commonly used definitions or lack of descriptions of the term by researchers in creativity
research (Beghetto, Kaufman, & Baer, 2014). Their misconceptions or conceptual barriers may
impede their efforts at fostering creativity in their classrooms.
Creativity is a multifaceted construct and there has not been a single, agreed-upon
definition. The 4P’s conceptions, person, process, product, and press (environment), has been
widely utilized in describing what constitutes creativity (Rhodes, 1961, 1987). Noting the lack of
a commonly used definition of creativity, Plucker, Beghetto, and Dow (2004) proposed one
which consists of 4P’s conceptions: “creativity is the interaction among aptitude, process, and
environment by which an individual or group produces a perceptible product that is both novel
and useful as defined within a social context” (p. 90). This definition introduced two criteria —
“novelty” and “appropriateness (usefulness)”— as key components of creative output. Another
definition that has been widely used was proposed by Sternberg and Lubart (1995): “creativity is
the process of generating ideas that are novel and bringing into existence a product that is
appropriate and of high quality.”
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Kaufman and Beghetto (2009, 2013) discussed four C, mini-c, little-c, Pro-c, and Big-C,
as different levels and kinds of expression of creativity. The mini-c focuses on the novel and
personally meaningful insights or interpretation of learning and experiences. For example, the
mini-c activities could be a student’s new understanding of using a method to solve a math
problem or create another meaningful ending of a story. The little-c involves creative activities
and experiences that everyone can participate in daily. Examples of little-c creativity could be
creating a new way of using a hair clip. The Pro-c is expert-level creativity that exceeds little-c
but has not yet attained legendary status. For instance, developing a new cellphone application
could be the activity of Pro-c. The Big-C represents an eminent creative achievement that
impacts the entire field of study or domain, for example, winning a Nobel Prize in Literature or
making a scientific discovery. In school learning contexts, of the four, the most relevant is minic. Mini-c creativity is an important approach for engaging students in a personally creative act
and an instance of personally meaningful learning.
Different models of cognitive processes involving creative thinking have been proposed
by researchers in general and specific domains (Amabile, 1996; Busse & Mansfield, 1980;
Nemiro, 1997; Wallas, 1926) and various creative-thinking techniques have shown to stimulate
creativity (Aktamis & Ergin, 2008; de Bono, 1988; Glynn, 1989; Rothenberg, 1996). However,
there are little substantive guidelines or curricular materials that teachers can follow or
implement directly in their regular classroom practices (Hong et al., 2017). Teachers are left to
use their own discretion to tailor their pedagogy to meet the need of fostering creativity as well
as teaching content (Hong & Kang, 2010; Park, 2013). Moreover, many teachers lack formal
training in creativity. One way to help classroom teachers in this endeavor would be providing
teachers with creativity-infused instructional materials they can use in an effort to promote
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students’ creative potential. The current research examined whether this approach has effects on
increasing students’ creative-thinking ability. The 3eT model (Hong, 2012a; Hong et al., 2013)
utilized in the current study was the foundation for developing creativity-infused instructional
materials, which included self-examination of misconceptions of creativity, barriers to creativity,
different types of creativity, and other components that infused creative thinking techniques in
teaching science content. The 3eT model is described further below.
The Need for Creativity in Science Education
Science is a creative endeavor of the human mind. To understand the natural world,
scientists discover new problems, think of multiple ways to approach problems, come up with
hypotheses, figure out how to collect meaningful data, explain those data, and come up with new
theories (Cutraro, 2012; Hadzigeorgiou, Fokialis, & Kabouropoulou, 2012). Those scientific
thinking processes require creative thinking such as the application of analogy, metaphor,
brainstorming, lateral thinking, and imagination. Sawyer (2012) and Simonton (2004)
demonstrated examples of how scientists used creative thinking during scientific discovery. For
instance, the wave theory of light was derived from an analogy between light and sound; the idea
that the Earth was a giant magnet was created from many shared properties between the planet
Earth and magnets. Scientists develop new and useful ideas, which correspond to a definition of
a creative product. Thus, it is indisputable that creative viewpoints are important subjects in the
development of the sciences.
The Lack of Creativity in Science Education
However, in K-12 school education, creativity has been traditionally associated with art
and literature, although creativity in science has begun to be examined (e.g., Hong & Kang,
2010). In the early decades of the twentieth century, science courses failed to convey the role of
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imagination and creativity in the learning of sciences. Science pedagogy and textbooks for
elementary curriculum mainly centered on surface learning, for example, asking students to
witness the photos of science inventions or to observe and classify nature’s objects (Wiesner,
1965). Likewise, traditional high school and university science programs were primarily geared
toward aiding students in their mastery of knowledge rather than delivering the spirit or methods
of science (Weisner, 1965). For example, laboratory activities usually involved students
repeating time-worn experiments, lacking the stimulation of the creative process (Taylor, 1962).
In the mid-twentieth century, creativity was formally addressed by Guilford (1950) in the
field of educational psychology. After Guilford, creativity as an important attribute of school
education gradually began to catch the attention of researchers and educators. Much research has
been conducted on pedagogical techniques for developing students’ creative-thinking abilities,
but little of this research has been purposely incorporated into science programs (Hadzigeorgiou
et al., 2012; Rule, 2005).
Recently, STEAM programs, which integrate arts into STEM subjects (science,
technology, engineering, and mathematics), have been adopted by many institutions and schools.
The STEAM (with the “A” for arts) aims to foster creative thinking while infusing arts into the
learning in STEM areas. Some research articles indicate that arts-based teaching leads to
motivated, engaged, and effective disciplinary learning in STEM subjects, but those studies
rarely measure whether students’ creative-thinking abilities are increased (Henriksen, 2014; Ko,
An, & Park, 2013). Some STEM proponents suggest that STEM lessons should focus on
developing rigorous math and science skills; these lessons should not be so much about teaching
arts but applying arts in practical situations, such as product design and decoration (Jolly, 2014).
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Art-based science instruction is one way to increase creativity in science; however, the
promotion of creative thinking in science can be approached through different methods.
Promoting Creativity through Science Education
Science is an important subject in school education. It is a required subject and has to be
taught in K-12 school curriculum. A report from the Wall Street Journal revealed that the number
of highly skilled positions in the United States jumped by 36 percent from 1983 to 2002, to
nearly 4.6 million (Kotkin, 2007). Jobs which require expertise, such as occupations in the
STEM field, are still rapidly increasing and are still in high demand in the future (Carnevale et
al., 2011; Conaway, 2007). To achieve sustainable economic growth and to ensure the United
States is competitive in the future, the U.S. government addresses the critical needs of STEM
education for all their students from elementary through graduate schools (National Science
Board, 2007). However, inadequate attention to creative thinking in STEM education needs to be
addressed. Other nations, for example, China and Singapore, support and invest in science
research and learning. Note also that Singapore, Hong Kong, and other Asian countries have
started engaging schools to implement pedagogy for increasing creativity in classroom
instruction (Cheung & Mok, 2013; Forrester & Hui, 2007; Hui & Lau, 2010; Lin, 2010; Pang &
Plucker, 2013; Wu & Albanese, 2013).
Educational researchers maintain that creativity is essential for building scientific
knowledge and for performing scientific practices and productions (Csikszentmihalyi, 1996;
Ghassib, 2010; Innamorato, 1998). Torrance (1992) also describes a national climate in which
sciences offer a great range of opportunities for fostering creativity and invention. Activities that
emphasize creativity in science classes may include finding problems in open-ended inquiry
tasks (Bears, 1988; Bills, 1971), establishing students’ own hypotheses (Cheng, 2010; Miller,
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1993), designing experiments for testing their hypotheses (Aktamis & Ergin, 2008; Miller,
1993), finding multiple solutions, discussing and sharing ideas, and making links to solve reallife problems (Hong et al., 2013; McCune, 2009; Tam, Heng, & Jiang, 2009; Yager & Akcay,
2008; Yager, Choi, Yager, & Akcay, 2009). The above research demonstrates that creative
science education can encourage and inspire students to take risks, make scientific discoveries,
and build a solid scientific comprehension skill set.
In this innovation age, students not only need to thoroughly comprehend scientific
concepts, but they must also be able to utilize these concepts creatively in order to generate
innovative ideas and products (Sawyer, 2010). Creativity is an innate characteristic of all human
beings. The creative ability can be more effectively developed when given the right resources
and tools. It is unlikely that students will achieve their full creative potential without specialized
support. Teachers are good resources for bolstering students’ creativity. The current study
utilized an instructional model by focusing on promoting creative thinking in science education.
This could be an example of resources for teachers who lack adequate training in how to infuse
creative-thinking techniques into their pedagogical approaches. Students can learn to be creative
while creativity is integrated into science subject matters.
Creative Thinking and Academic Achievement
Recent studies provide evidence that teaching creativity in a scientific subject can
improve students’ academic achievement (Hu et al., 2011; Sanz De Acedo Lizarraga, Sanz De
Acedo Baquedano, Goicoa Mangado, & Cardelle-Elawar, 2009). Using pedagogical approaches
to teach creativity increases academic performances in areas such as comprehension, memory
retention, and transfer of skills and knowledge (Hu et al., 2011; Ritchhart, 2004; Sternberg,
2003). Creative-thinking techniques infused in classroom instruction, such as analogies,
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metaphor, open-ended questions, real-life problem solving, and higher-order questioning may
enhance motivation and engagement and help students obtain deeper processing thinking skills
(e.g., analytical and critical thinking) that improve school achievement (Hu, et al., 2011;
Schacter, Thum, & Zifkin, 2006; Sternberg, Torff, Grigorenko, 1998). See Figure 1 for relative
impacts from creativity instruction.

Figure 1. Relative impacts from creativity instruction.
In Hu et al.’s (2011) study, 90 elementary school students participated in the Learn to
Think (LTT) program which involves training in basic thinking strategy, problem-solving skills,
and creative-thinking skills in different subject areas including science. The experimental group
students performed better on an overall thinking ability test and achieved higher academic scores
on Chinese and mathematics, compared to the control group students. This research indicates
that teaching students thinking methods within content areas not only develops students’ deeper
thinking skills (e.g., analogical, inductive, and deductive reasoning) but also increases students’
academic achievement.
Sanz de Acedo Lizarraga et al. (2009) demonstrated similar results. In this study,
secondary students received instruction that included thinking skills, creativity, and self-
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regulation of learning simultaneously with the school curriculum of science, language,
mathematics, and social sciences. Students benefited from the intervention methods, showing
better performances on thinking skills, creativity, self-regulation, transferring knowledge, and
overall academic achievement in four subject areas they were taught. However, academic
achievement scores were not collected in each discipline; thus whether this approach was
effective in science achievement was unclear. Furthermore, due to combining various
instructional methods including self-regulated learning, whether creativity instruction was
successful cannot be gleaned. A similar contention applies to the study by Hui et al. (2011).
Research assessing the effect of creative science instruction on science achievement is
rare. Most of the studies on teaching creativity concern whether their programs impact creative
thinking ability. The current study examined whether the creativity instructional model for
science affected students’ creative-thinking ability as well as their science academic
performance.
Creativity in the Classroom
Although integrating creativity in classroom instruction has been encouraged (Craft,
2005; Hui & Lau, 2010), many schools, particularly within the math and science domains, are
not integrating the learning of concepts with innovative activities (Sawyer, 2010). The increased
emphasis on standardized testing (Feldman & Benjamin, 2006; Kim, 2011), time constraints
(Ferrari, Cachia, & Punie, 2009; Sternberg, 2003), the insufficiency of professional training and
experiences (Cheung & Mok, 2013; Hong & Kang, 2010), or the lack of curricula resources
could be barriers for teachers who seek to imbue their classes with instructional practices
designed to foster creativity (Chien & Hui, 2010; Hong et al., 2017). In the following section,
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teachers’ and students’ perceptions of creativity are presented to discuss how their perceptions
influence the teaching and learning of creativity.
Teachers’ Perceptions of Creativity and Classroom Practices
Understanding teachers’ perceptions of creativity are critical for successful
implementation of creativity in classroom practices (Hong et al., 2017). Teachers’ conceptions of
creativity and of teaching for creativity seem limited. Hong and Kang’s (2010) study shows that
a large number of individual teachers named only one or two characteristics of creativity.
Teachers consider creativity in science in Big-C terms, ignoring or not understanding little-c or
mini-c creativity that can be promoted in classroom teaching (Kaufman & Beghetto, 2013).
In general, when teachers were asked about creativity, most of them claimed to value
creative students and the important role that imagination plays within classroom environments
(Runco & Johnson, 2002). However, subsequent studies have found a discrepancy between what
teachers claim and the realities of their classroom (Aljughaiman & Mowrer-Reynolds, 2005;
Beghetto, 2007; Kokotsaki, 2011; Tan & Grigorenko, 2010). When discussions were observed,
teachers generally preferred relevant responses rather than novel (unexpected/unique) responses
(Beghetto, 2007). Creative students were not rated by their teachers as exhibiting creative
behaviors, despite having performed well on creativity tests (Skiba, Tan, Sternberg, &
Grigorenko, 2010). Westby and Dawson (1995) also found that students who exhibited creative
traits were less favored by their teachers than students who exhibited less creative traits. Thus, it
seems that though teachers support the idea of creativity enriching their classroom (Runco &
Johnson, 2002), they do not favor students who exhibit nonconforming, challenging, and
innovative attitudes and behaviors. Hong et al. (2017) describes this phenomenon as perceiving
creativity as an “amicable trait, but not in my class” (pp. 318-319). On the other hand, many
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teachers are eager to teach creativity as a vital component of student engagement and
development. However, a majority of preservice teachers were concerned about their own vague
understandings of pedagogies related to supporting students’ creative endeavors within complex
classroom environments (Diakidoy & Kanari, 1999). Creativity was generally expected by
teachers to emerge organically as a by-product of learning objectives, rather than being explicitly
outlined in the teaching process (Aljughaiman & Mowrer‐Reynolds, 2005; Kokotsaki, 2011).
The lack of preservice and in-service teachers’ training on creativity is one of the many
predicaments in creativity education (Cheung & Leung, 2013; Cheung & Mok, 2013; Chien &
Hui, 2010), prompting creativity researchers to offer ideas that may help teachers prepare for
nurturing creativity in students (e.g., Ferrari et al., 2009; Hong et al., 2017).
Some creativity traits and behaviors that may not be appreciated by Chinese teachers
could be an obstacle to the implementation of creative thinking in school education. School
teachers in China claim that they value the important role that creativity plays in students'
development (Cheung & Mok, 2013; Chien & Hui, 2010). However, dilemmas still exist in real
classroom settings. Chan and Chan's (1999) study reported that Chinese teachers regarded some
characteristics of creative students as socially undesirable. For example, arrogant, attentionseeking, opinionated, rebellious, and self-centered features were typically considered undesirable
attributes of creative students. This is possibly due to the fact that traditionally-minded students
seemed easier to control within the classroom environment. In Chinese schools, large class sizes
lead to an emphasis on discipline, obedience, and punishment in the interest of classroom
management (Cheng, 2004). A good student, in a teacher's view, should be honest, tolerant,
unsuspicious, attentive and not disruptive to the teacher, and not in the habit of raising strange
questions or challenging the teacher's authority (Paek, Sumner, & Sharpe, 2019; Sorensen, 1994;
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Wang & Mao, 1996; Yook & Alber, 1998). Hierarchical relationships between teachers and
students commonly exist in the Confucian tradition of learning. Thus, nonconforming,
expressive, or assertive personalities are not commonly appreciated by Chinese teachers.
Creativity reformers should consider how to match the social environment with the
psychological needs of both teachers and students to behave in a self-determined manner in the
creative learning process.
In this study, the participating science teachers were given instructional materials and
training sessions on the use of the 3eT model to help them promote creative thinking in science
instruction. Participant teachers’ perceptions about creativity instruction were investigated.
Students’ Perceptions of Creativity and Classroom Practices
Students’ perceptions are likely to influence their awareness of creativity and engagement
with creative activities. In general, students value creativity and creative persons (Niu &
Sternberg, 2002; Yue, 2003). They view creativity as the ability to create something new, to
challenge existing ideas, and to come up with solutions in different ways (Bjørner, Kofoed, &
Bruun-Pedersen, 2012). However, some students have indicated that creativity is a vague
construct (Bjørner et al., 2012; Walker & Gleaves, 2008). When they are asked to use creativity
in school projects or to produce creative products, they need to know what the creative process
entails and what is considered creative. Research found that students’ conceptions of creative
people did include most of commonly recognized creative traits such as
original/new/unique/unusual, artistic, resources/inventive/improving, thoughtful/thinkers,
creative personality, imagination, and so on (Hong et al., 2017). Still, students need explicit
instruction and support for creativity to help them to actualize their creative potential. Without
support, students would perform conventionally rather than taking the risks of going too far for

13

being creative in the classroom (de Souza Fleith, 2000; Walker & Gleaves, 2008). Some of them
also noted that they would enjoy being creative as long as their work would not be judged by
grades (Walker & Gleaves, 2008). Educators need to provide a favorable environment to
promote creativity in learning contexts.
In this study, experimental group students explored myths about creativity, learned, and
applied creative thinking techniques during the training. After the instructional program was
completed, patterns of students’ perceptions of creativity were compared between the
experimental group and the control group students to examine the effectiveness of the 3eT
instructional model on students’ perceptions of creativity.
Impacts of Chinese Culture on Classroom Instruction
This study was conducted in China with seventh graders in a typical Chinese middle
school. Perceptions of creativity could be affected by societal value and school norms (Lau,
Cheung, Lubart, Tong, & Chu, 2013; Niu & Sternberg, 2003; Yi, Hu, Scheithauer, & Niu, 2013).
Chinese societal values have been greatly influenced by the social philosophy of Confucianism,
which may affect people’s thinking styles and behaviors. Some characteristics of Confucian
culture, such as practicing traditions, respecting authorities, and stressing collectivism, can be
prohibitive to the development of creativity. Recent studies also indicate that Chinese learners
are typically considered to be passive, deferential to authority, and lacking initiative and
creativity (Niu & Sternberg, 2003; Tweed & Lehman, 2002; Zha et al., 2006). Niu and Sternberg
(2003) imply that the apparent lack of creativity among Chinese students may be due to the
Chinese school system, which predominantly emphasizes the learning of content knowledge and
analytical skills. In contrast, the American school system emphasizes self-orientation and selfexpression, which may promote creative thinking.

14

Teaching and learning under the norms of Eastern societies may be different from those
of the West, although the technology of the current era might have narrowed the difference. In
this study, students experienced an instructional model which was developed in the U.S.
Students were provided with a judgment-free environment during learning and encouraged to use
creative-thinking techniques. Furthermore, perceptions of creativity from students in the
experimental group and the control group were compared.
The 3eT Model: Integrating Creative Thinking in Classroom Instruction
The current study used the 3eT instructional model developed by Hong (Hong, 2012a;
Hong et al., 2013) in a science topic to guide students to think creatively. The 3eT instructional
model includes four stages: Engage, Explore, Explain, and Transfer, with an emphasis on
infusing creative thinking throughout the instruction. The four stages in the 3eT model stimulate
students’ prior knowledge and preconceptions, encourage students to ask questions and
formulate hypotheses, provide materials and allocate time for student experiments, have students
explain what they found, and motivate students to apply their new knowledge to different
situations. The model introduces students to aspects of creativity to self-check their own
preconceived notions about creativity. Creative-thinking techniques (e.g., brainstorming and
Janusian) are infused into the instruction, and students are encouraged to use them in classroom
activities. The 3eT model can be utilized in any science topics for any grade levels with flexible
instructional/learning materials (Hong, 2012a). In this study, students learned a science unit on
the property of sound with instructional materials developed based on the 3eT model. Chapter 3
presents the 3eT instructional phases and Appendix A to G present instructional materials
developed by Hong.
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Purpose of the Study
The purpose of this study was to implement an instructional model, 3eT, that integrated
creative thinking in the process of learning a science topic and to examine whether the use of the
model affected students’ creative-thinking ability and their science achievement. The
instructional model used in this study is grounded in research on creativity training and creative
thinking technique. Students’ creative-thinking scores in the science domain and science
achievement score of the teaching unit were gathered to determine the effectiveness of the
intervention.
Educators have emphasized the need for instructors to infuse creative-thinking skills into their
curricula (Craft, 2007; NACCCE, 1999; Pang & Plucker, 2012). Although many scholars (Chien
& Hui, 2010; Lin, 2011; Ng, 2001) have addressed the importance of creative thinking in K-12
education, relatively few of them have focused on instructional design and development in the
scientific domain. Although the importance of creativity in this century has been emphasized in
all sectors of human endeavors, creative-thinking skills have not been systematically integrated
into school curricula (Puccio, Mance, Switalski, & Reali, 2012). This study aimed to fill this gap
by implementing a feasible instructional model for teachers to use in order to encourage students
to think creatively while learning science topics. This model was designed for the subject of
science, and could be used flexibly in any grades for elementary and secondary students, in the
hopes that if teachers choose to use an instructional model such as 3eT that includes specific
steps and strategies to follow, they might find designing instructional materials that integrate
creative-thinking pedagogy less onerous tasks (Hong, 2013).
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Research Questions
The following questions guided the study. Students in the experimental group received
3eT instruction, and students in the control group received traditional instruction on a science
unit.
1. Will the implementation of the 3eT instruction have impacts on students’ perceptions of
creativity? Patterns of perceptions were explored using category elicitation processes. It is
predicted that there will be differences in the patterns of students’ perceptions between the
experimental and control groups after the 3eT intervention.
2. Will the implementation of the 3eT instruction affect students’ creative-thinking ability in
science as measured by fluency, flexibility, and originality?
2.1. It is predicted that the mean fluency score of the experimental group will be higher than
that of the control group.
2.2. It is predicted that the mean flexibility score of the experimental group will be higher
than that of the control group.
2.3. It is predicted that the mean originality score of the experimental group will be higher
than that of the control group.
3. Will the implementation of the 3eT instruction affect students’ science achievement? It is
predicted that the mean science achievement score of the experimental group will be higher
than that of the control group.
Significance of the Study
Theoretical and Applied Impacts
The present research contributes to the creativity literature in a variety of ways. The
findings of this study can help educators understand how creativity can be incorporated into
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existing instructional models. Substantial research has been done on increasing students’
creative-thinking ability, but little of this was associated with integrating creativity with learning
content, including science (Rule, 2005). This study may offer insights into how creative-thinking
techniques can be incorporated into science education. The results of the study may create
potential for science educators who see restructured instruction that promotes creative thinking
while students learn subject matters as a way to facilitate learning in students. This study
contributes new information to the current theories of creativity education. This information can
be applied to develop both students’ general and science-oriented creative-thinking ability. In
addition, the study provided evidence of whether creativity instruction would promote students’
academic achievement.
The study has significance for curriculum designers, administrators, and teachers seeking
methods to foster creativity in science and other subject areas. By providing a classroom
intervention, the findings have the potential to inform practices of science education, including
curriculum design and classroom instruction. The instructional methods shown in this study may
inform classroom teachers that science and creativity can co-exist in each lesson and may inspire
them to provide activities that integrate creativity into the learning materials.
Preservice and in-service professional development producer may see this model useful
as they may develop similar or different approaches to subject matters they are interested in
developing creativity-infused instructional methods and materials.
Definition of Terms
Creativity
“Creativity is the interaction among aptitude, process, and environment by which an
individual or group produces a perceptible product that is both novel and useful as defined within
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a social context” (Plucker, Beghetto, & Dow, 2004, p. 90). It is “the ability to offer new
perspectives, generate novel and meaningful ideas, raise new questions, and generate solutions to
ill-defined problems” (Beghetto, 2007).
Creative-Thinking Ability
“The ability to come up with ideas or artifacts that are new, surprising, and valuable”
(Boden, 2004, p. 1). It is usually scored with the criteria of fluency (how many different
responses were produced), flexibility (how many categories of responses were produced),
originality (how novel and unique the responses were), and elaboration (how detailed and
developed they were) (Kaufman & Sternberg, 2007).
In this study, the Thinking and Imagination: Problem Solving (TIPS) questionnaire
(Hong & Peng, 2013) was used to measure students’ creative thinking ability in fluency,
flexibility, and originality. In this questionnaire, students provided as many solutions as they can
to solve problems. The frequency of a student’s solutions is the score for fluency. The number of
different categories was counted for the flexibility score. The originality of the solution was rated
by expert judges, utilizing holistic rating in a 9-point system (Hong, O’Neil, & Peng, 2016).
Brainstorming
“A group problem-solving method based on Alex Osborn’s belief that all people have
creative potential. The method involves deferring judgment, eliminating criticism, and valuing
idea quantity” (Ripple, 1999, p. 629).
Janusian Process
“The Janusian process consists of actively conceiving multiple opposites or antitheses
simultaneously. During the creative process, opposite or antithetical ideas, concepts, or
propositions are consciously conceptualized as simultaneously coexisting. They are formulated
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by the creative thinker as solutions in working out practical and scientific tasks and as central
ideas for an artwork.” (Rothenberg, 1999, p.103)
A detailed literature review related to this study is presented in Chapter 2. Chapter 3
includes a discussion of the methodology used in this study. The results of the study are reported
in Chapter 4, followed by a discussion of conclusions and implications in Chapter 5.
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CHAPTER 2
LITERATURE REVIEW
Creativity Education in China
The Need for Creativity Education in China
In a rapidly-changing world, the knowledge and skills that students are taught in school
may not be up to date or suitable for students’ use in their future career (Cropley, 2001). This
requires educational systems to be geared toward preparing learners to be more flexible and
adaptable, as they need to be prepared for unpredictable challenges in the future (Craft, 2011;
Simmons & Thompson, 2008). China is enacting educational reforms in an effort to create a
talented and creative workforce, and increase its global competitiveness (Pang & Plucker, 2012).
A crucial task in education reform is to develop students’ creative ability, because students with
creative aptitudes and skills will be more likely to adapt to uncertainty, produce novelty, more
deftly handle problems in new situations, and meet unexpected demands of the future than
students without such skills (Kind & Kind, 2007).
Creativity should ideally be nurtured in the early developmental stages (Bruce, 2011;
Duffy, 2006), and schools are naturally one place where students’ creative-thinking ability can
be fostered. Of all school subjects, science is thought to have a similar thinking process (i.e.,
observation, hypothesis, experimentation, and verification) as creativity (i.e., preparation,
incubation, illumination, and verification; Park, Lee, Oliver, & Cramond, 2006). Science
observation helps students develop curiosity and a sensitive mind (Park, et al., 2006). Problemsolving and hypothesis formation in science require students’ imagination and divergent thinking
(Hadzigeorgiou, Fokialis, & Kabouropoulou, 2012). Choosing challenging science research
topics also need risk-taking characteristic (Fleer, 2015). Curiosity, imagination, risk-taking, and
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divergent-thinking are a few elements that have been observed in creative people. Thus, infusing
creativity in science education is pertinent.
Although creativity has been discussed in Chinese society and education reform in recent
years (Cheng, 2010; Lockette, 2012; Niu & Sternberg, 2003), traditional social values and school
goals have not been consistent in recognizing creativity as an important ability to be fostered.
Some Confucian principles have been viewed as an inhibition of the development of creativity
(Niu, 2012). Reliance on tests to evaluate student achievement is another factor that may hinder
the development of creativity among school children (Niu & Sternberg, 2003; Zhao, 2014).
The main purpose of this dissertation study was to nurture students’ creative potential in
China, using creativity-infused science instruction to enhance Chinese students’ creativethinking ability. In an effort to develop the background for the current research conducted in
China, the importance of awareness and attitudes in creativity were explored within Chinese
social and cultural contexts. In the following section, how everyday creativity enriches personal
life and school learning are discussed, followed by the relationship between global economic
change, and the necessity and demand for a creative workforce in a fast-changing world,
including China.
Everyday creativity and change among learners. Today’s Chinese students are
different from those of decades ago. Schools are no longer the only source of knowledge.
Technologies that people use in their daily lives, such as the Internet, social networks (Facebook,
Twitter, Weibo), social multimedia (YouTube, Flickr), and blogging (WordPress), have changed
the ways in which young people seek information and how knowledge is shared (Ferrari, Cachia,
& Punie, 2009). These platforms allow people to share their creative ideas, help them participate
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readily in creative expression, and obtain feedback and recognition from larger audiences. These
technological tools also facilitate collaboration and communication across space and time.
Technology influences the processes by which learning takes place and changes the way
that people achieve innovation (Murgatroyd, 2010). With access to information technology,
Chinese students can complete their homework in ways other than those prescribed by their
teachers (Song, 2008). Access to different resources motivates students to seek out learning
activities that are more relevant to their interests, to their prior knowledge, and to their daily life
experiences (Song, 2008). In a study conducted in Hong Kong (Law et al., 2010), students
reported that they preferred learning contexts that were related to real-life problems or situations
extending beyond the curriculum guidelines. They also gravitated toward activities such as
interschool competitions, adventure training camps, leadership training projects, and field trips as
valuable experiences for fostering innovation. Likewise, students described their favorite
teachers as making connections to student learning beyond textbooks and examinations, and as
employing more student-centered teaching approaches to engage and inspire students (Tam,
Heng, & Jiang, 2009). Clearly, today’s Chinese students are no longer satisfied with having
school teachers as their sole knowledge providers. They desire teachers who teach them how to
learn, how to explore and solve problems on their own, how to apply the knowledge to daily life,
and how to transfer knowledge to novel situations.
Though the Chinese education system has long been criticized for focusing on rote
learning and memorization rather than on nurturing students’ critical or creative-thinking skills,
China is actually in the midst of significant reforms as Chinese society prepares for a world in
which creativity will matter more than most other factors (Sinha, 2008). The well-known
Chinese “quality education” reforms are aimed at fostering students’ creativity and practical
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skills in order to nurture a new generation of well-rounded people who are developed in morals,
intellect, physical health, and aesthetic appreciation (Dello-Iacovo, 2009). Successful examples
indicate that promoting creativity in school has fulfilled students’ needs and interests in different
areas. For instance, Xiwai International School in Shanghai offers a distinctly Western-style
curriculum that focuses on student-centered learning, and the cultivation of creativity has
attracted many students to enroll (Hulbert, 2007). The extracurricular Scientific and
Technological Innovation (STI) program, along with its related annual competition, is another
successful example seen nationwide. The STI program, which attracted nearly 1,000 colleges to
participate yearly, not only made great strides in developing students’ creativity but also yielded
many social benefits (Zhao & Zhao, 2012). The most successful topics were mostly drawn from
everyday life, for example, mobile phone anti-theft technology. Practical projects required
students to use creative thinking to discover, analyze, and solve problems innovatively. A
number of projects have been applied in practice. Many competition winners later distinguished
themselves in their academic and professional careers.
Those learners who embrace creativity enthusiastically tend to be more productive
academically. However, infusing creative thinking into school education may not be easy.
Educators are still looking for effective pedagogies to fulfill the needs of their students. This
research study, applied along with a creative curriculum, has the potential to produce
demonstrable advantages over the traditional teaching approaches.
Economic globalization and the demand for change from employers. Cultivating
creativity is the key not only to personal fulfillment but to the national economic interest as well.
Creativity, innovation, and ingenuity are highly emphasized and acknowledged as driving forces
in the global marketplace. As a developing country, China is seeking to transform its traditional
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industrial economy into a more innovative, human capital-driven and knowledge-based economy
in order to be competitive (Florida, Mellander, & Qian, 2012). Investing in education to cultivate
a more talented workforce is considered a key strategy for achieving this goal (Stolarick & Chen,
2011).
Generally, China is at the low end of the global industrial manufacturing chain. The
“designed in the West, made in China” model indicates cheap labor with little production of
intellectual property which refers to the creation of the mind such as patents, copyright, and
trademark that are protected by law from unauthorized use (World Intellectual Property
Organization, n.d.). Li and Keane (2011) predicted that China’s economy will be in danger if it
does not have its own intellectual property and innovative technology. Thus, employers in China
are changing their hiring criteria from recruiting high academic achievers to looking for
employees with high creative potential (Li & Chen, 2002). Creative people can drive innovative
production, which will not only bring about technological breakthroughs but will also give rise to
new industries and economic structures, offering unlimited opportunities for late starters to
overtake the front-runners (Xu, 2003).
Summary. Overall, the vast change in the Chinese economic landscape dictates that
education must change accordingly. Education should foster creative learning and support
innovative teaching (Craft, 2007; Tee, 2005). Teachers should be trained to teach students not
only what to learn but also how to learn it (Song, 2008). This new orientation also reflects a
change in the objectives of school curricula, which are increasingly concerned with enhancing
students’ creativity and critical thinking and not merely with whether students have mastered
particular subjects. Students who are exposed to such effective learning techniques are more
likely to develop a love of learning that abides throughout their lives, enabling them to be more
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engaged citizens. Of course, this is easier said than done. Overcoming the rigidity and
entrenchment of the traditional system in China will prove to be a daunting challenge.
Cultural Influence on Creativity in Chinese Society
China is an ancient civilization, and its attitudes and values towards education have been
strongly influenced by the social philosophy of Confucianism for over two thousand years.
Confucianism has served as Chinese society’s core value and has greatly affected people’s
thinking styles and behaviors. Some characteristics associated with creativity -- such as
individuality, freedom of expression, non-conforming, self-accepting, impulsiveness,
independence, going beyond normative thinking -- contrast with Chinese culture (Cropley, 1992;
Feist, 1998; Rudowicz & Hui, 1998).
Research conducted by both Western and Eastern researchers concludes that Chinese
learners are typically considered to be passive, deferential to authority, and lacking initiative and
creativity (Keats, 1982; Jaquish & Ripple, 1984; Kim, 2009; Jellen & Urban, 1989; Niu &
Sternberg, 2003; Pratt, Kelly, & Wong, 1999; Tweed & Lehman, 2002; Zha, Walczyk, Griffithross, Tobacyk, Daniel, & Walczyk, 2006). People from both Western and Eastern countries
believed that Asians tended to be less creative than Westerners (Bond, 1992; Fielding, 1997;
Kim & Michael, 1995; Kim & Sergent, 2004; Rudowicz & Ng, 2003; Saeki, Fan, & Van Dusen,
2001; Tang et al., 2018; Wong & Niu, 2013). Ng (2001) asserts that individuals in Confucianheritage societies think and act less creatively,compared to their counterparts in the West,
because some characteristics of Confucian culture are prohibitive to the development of
creativity. For example, preserving traditions, adoring authorities, stressing collectivism, and the
suppression of emotion and thought are all considered to negatively affect the nurturing of
creativity.
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In general, traditional Eastern societies tend to be more tightly organized, collectivistic,
hierarchical, and face-conscious (Kim, 2007; Ng, 2001; Niu & Sternberg, 2003). The term “face”
refers to social reputation, which is a measure of the social recognition conferred by society onto
oneself. Eastern Confucianism also places greater emphasis on social order and harmony within
both family and society, rather than conflict and confrontation (Burton, 2010; Chan, Chan, &
Chan, 2013; Kim, 2009; Ng, 2001; Rudowicz, 2003). In contrast, Western societies tend to be
more loosely organized, individualistic, and egalitarian (Ng, 2001; Rudowicz & Ng, 2003).
Western culture also places a greater emphasis on a democratic exchange of ideas, where
individual expression is fostered and might more likely lead to confrontation (Ng, 2001).
It seems that the open environment in Western culture is more likely to stimulate creative
potential. However, some researchers (Caldwell & O’Reilly, 2003; Flynn & Chatman, 2001;
Yao, Wang, Dang, & Wang, 2012) suggest that some norms in Eastern culture, such as in-group
cohesion, obedience to group aims, teamwork, and interpersonal relationship, can foster a
collaborative atmosphere that is conducive to promoting creativity, especially for complex tasks.
Culture shapes creative behavior largely through social norms (Lau, Cheung, Lubart,
Tong, & Chu, 2013; Niu & Sternberg, 2003; Yi, Hu, Scheithauer, & Niu, 2013). Teaching and
learning under the norms of Eastern societies are different from those in the West. In the section
below, cultural influences that may present blocks or enhance potential to develop creativity
education in Chinese society are discussed.
Collectivism. The Chinese traditional value system places a greater emphasis on the
social group than on the individual (Smith & Bond, 1993). In such a society, group interests rank
higher than individual concerns (Lau & Kuan, 1988; Rudowicz, 2003). Chinese people have a
tendency to believe that individuals can only achieve all-around development as a member of a
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group or a nation, while individual needs, desires, and benefits are generally suppressed (Wang
& Mao, 1996). Moral concepts, such as self-sacrifice, nationalism, collectivism, and patriotism,
are taught in schools. Students learn restraint in order to maintain social harmony (Kim, 2005).
This early emphasis on collectivism may cause young people to lose their initiative and creativity
during formative school years.
In addition, people in a collectivist society are more face-conscious (Ng, 2001). They
view themselves as part of a large network of social relations and are more concerned with social
approval. The concern for face is so prevalent in Eastern society that people devote significant
effort to maintaining and protecting their statuses. This means they are “dependent on the
opinions and evaluations of others in order to feel good about themselves” (Ng, 2001). In
contrast, creativity calls for an individual to stand apart somehow from the group by asserting
uniqueness and behaving in a spontaneous and exuberant manner. Thus, the psychological need
for social conformity and social approval tends to work against an individual’s capacity for
creativity.
However, other aspects of collectivistic culture, such as social cohesion, group work, and
collaboration, are known to be important for creativity (Flynn & Chatman, 2001; O’Reilly &
Chatman, 1996). For example, Flynn and Chatman (2001) argue that group members who
strongly acknowledge practices that encourage innovation (e.g., brainstorming, uncensored idea
generation) will generate more ideas than those who eschew these strategies. That means a
collectivistic orientation may help foster innovation in organizations by focusing on members’
attention on the goal of generating creative ideas. Flynn and Chatman (2001) also propose that
certain strong norms that focus on members’ cooperation may facilitate the implementation of
creative ideas. Members in a collectivistic organizational culture will be less likely to have
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conflict and more likely to possess a high level of “process agreement” (Jehn, 1995), which leads
to the successful completion of innovative tasks. Yao et al.’s (2012) study conducted with
Chinese employees confirmed these theoretical propositions. Researchers found that horizontal
individualism (e.g., independent but respected group members’ opinions) and horizontal
collectivism (e.g., avoiding conflict and maintaining harmony within groups) were positively
related to creative idea generation. Vertical collectivism (i.e., complying with authority and
putting social interests first) promoted idea implementation.
Summary. Collectivism sometimes may hinder students from expressing their own
opinions or abandoning their unrealistic thoughts in order to obtain social approval. Educators
should learn how to infuse the social value of collectivism into curricula in order to foster
creativity. For example, a teacher can establish a collective goal emphasizing creativity when
assigning a task to group members. This could be very helpful when students use brainstorming
to generate different ideas. Shared norms will focus students’ attention on the common goalseeking different creative ideas. When implementing innovative ideas, group members who are
inclined to endorse others are more likely to reach an agreement and complete the task.
Conformity. People living in a Confucian-heritage society tend to conform to their ingroups and avoid confrontation (Cheng, 2004; Ng, 2003; Ting-Toomey et al., 1991). Conflicts
with other group members are avoided in order to maintain social order and harmony. For
example, Friedman, Chi, and Liu (2006) found that Chinese people possessed a greater concern
for other people and tended to avoid conflict more than their American counterparts. This is due
to the Chinese belief that direct conflict will damage the relationship between two parties.
Friedman and his colleagues also found that Chinese people are more sensitive to hierarchical
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structure than Americans, so their preference for avoiding conflict is stronger when a dispute
occurs with an authority figure.
In the current educational system, Chinese parents and teachers place significant
emphasis on obedience, discipline, and the acceptance of social obligations (Berndt, Cheung,
Lau, Hau, & Lew, 1993; Lau, 1992; Ng & Smith, 2004; Wong, 2004). Conformity is in great
demand in classroom teaching, and quiet children are highly praised. The same situation was also
found in Western schools. Personality traits associated with creativity, such as risk-taking, nonconformity, were not preferred by most of the teachers (Dawson, 1997; Runco, 2003; Scott,
1999; Westby & Dawson, 1995). Students who possessed creative personalities were perceived
by their teachers as non-conformists who are easily distracted, disruptive, and difficult to manage
(Guncer & Oral, 1993). Behaviors such as posing questions, speculating, and showing a
willingness to take risks were not promoted by most of the teachers in one survey study
(Torrance, 2002). One component of child-rearing in Chinese society is instilling unquestioned
respect for the authority of one’s elders (Hessler, 2001). Chinese children are expected to obey
their elders; however, this cultural behavior may hinder creative development within China’s
educational system, leading Chinese students to become less likely to volunteer their opinions,
take the initiative, or deviate from standard ways of thinking and acting.
Recently, however, some scholars have argued that conformity can facilitate team
innovation (Kaplan, Brooks-shesler, King, & Zaccaro, 2009; Miron-Spektor, Erez, & Naveh,
2011). For instance, Kaplan and his colleagues (2009) propose that conformity enhances creative
idea implementation through the group processes of team coordination, information exchange,
conflict management, and collective efficacy. Miron-Spektor et al. (2011) studied 41 teams in a
research and development company and identified team members according to three cognitive
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traits (creativity, conformity, and attention to detail). They found that creative team members
were essential for radical innovation. However, these team members tended to initiate conflicts
and not adhere to standards. Conformist members also contributed to team innovation because
they strengthened group harmony, enhanced adherence to standards, and reinforced team
efficacy. These processes were important for ensuring that creative ideas were successfully
implemented. The detail-oriented team members who were too focused on stringent standards
tended to hinder risk-taking and innovation. The conclusion of the study was that the optimum
team should ideally be composed of many creative members, a moderate to high number of
conformists, and relatively few members who are detail-oriented micro-managers.
Summary. Conformity has traditionally been viewed as a hindrance to creativity, as it
does not promote novel ideas. However, it could be beneficial for group innovation when
implementing creative ideas. In school, teachers should encourage those nonconformist
characteristics that enhance the creative environment by promoting risk-taking and idea-sharing.
At the same time, teachers should understand that conformity may also foster creativity,
especially during the idea implementation stage. When forming groups, teachers can group
nonconformist and conformist children together in order to seek the proper balance for producing
greater innovation.
Culture pervasively influences students’ thoughts and behavior. Students in the
Confucian culture are not expected to challenge their teachers’ ideas or express nonconforming
thoughts freely among their fellow students. School systems are derived from the societies in
which they operate. Therefore, educators must be cognizant of the culture in which education
takes place (Hall, 1990). While teachers use new instructional approaches to increase creativity,
they know how to adjust their style to make the transaction more acceptable to their students.

31

Chinese Perception of Creativity
People’s perception of creativity will influence their values, attitudes, and behavioral
tendencies for pursuing creativity. Understanding how Chinese people perceive the concept of
creativity can help educators modify their instructional methods to improve educational
outcomes for students. In general, the core concepts of creativity in China seem to be similar to
those in the West (Rudowicz & Yue, 2000). The Chinese public describes creativity as
something new, unique, original, innovative, flexible, and imaginative (Rudowicz & Hui, 1998;
Rudowicz & Yue, 2000). The majority of Chinese people also believe that a creative person
should be curious, independent, talented, smart, motivated, energetic, flexible, bold, and brave
(Rudowicz & Hui, 1997; Rudowicz & Yue, 2000). Chinese people’s perceptions of creativity
overlap with the Western concepts reported by Sternberg (1985) and Runco (1987). According to
Sternberg (1985) and Runco (1987), characteristics of creativity include experimental,
expressive, imaginative, unique, original, inquisitive, humorous, open-minded, uncomforting,
emotional, perceptive, and active. However, characteristics such as “artistic” and “humorous,”
which are often associated with creative individuals in Western culture (Cropley, 1992; Runco &
Bahleda, 1987; Sternberg, 1985, 1988), were missing in Chinese people’s implicit concepts of
creativity (Rudowicz & Hui, 1997, 1998; Rudowicz & Yue, 2000).
It is noteworthy that some characteristics of creativity are also not revealed in Western
studies. For example, Rudowicz and Hui (1997) reported that people from Hong Kong identified
creative individuals in terms of their contributions to the progress and improvement of society,
inspiration to the people, and appreciation by others. The results are supported by later studies
conducted on Chinese subjects (Rudowicz, 2003, 2004; Rudowicz & Yue, 2000). Rudowicz and
Hui (1997) commented that such beliefs are culture-specific and reflect Chinese people’s
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orientation towards collectivism. Compared to Western people, the Chinese are more concerned
with a creator’s social influence, status, fame, and contribution to society than with the novelty
of the creator’s thinking (Lan & Kaufman, 2012; Niu & Sternberg, 2002; Yue & Rudowicz,
2002, Yue, 2001, 2003, 2004).
Although creativity is valued highly by Chinese policy makers and educators (Lin, 2011;
Pang & Plucker, 2013), creativity may not be regarded as a highly desirable personality trait of a
Chinese citizen. In Rudowicz and Yue’s studies (2000; 2002), college students from Mainland
China, Hong Kong, and Taiwan did not consider characteristics associated with creativity as
highly desirable personality traits for a Chinese person to possess. Typically, Chinese values
such as respect for parents, responsibility, diligence, health, and honesty were highly rated as the
most important personality traits, whereas characteristics associated with creativity, such as
imagination, curiosity, and adaptability, were not highly prioritized. This implies that young
Chinese people did not perceive creative personality traits as desirable as traditional personality
traits, which presents Chinese educators with serious questions concerning strategies to change
this kind of perception throughout the education system.
The following sections address in more detail teachers’, students’, and parents’
perceptions of creativity in the context of Chinese schools.
Teachers’ perceptions of creativity. Teachers are the organizers who guide classroom
teaching, and their understanding of creativity may affect their expectations of students’ creative
performance as well as their promotion of creative thinking in the classroom (Nickerson, 1999;
Runco, Johnson, & Bear, 1993). What educators believe, along with their attitude towards
creativity, determines whether a child’s creativity will be recognized, encouraged and thus
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developed, or undermined and stifled (Chien & Hui, 2010). Therefore, understanding teachers'
perceptions of creativity is important.
Research on implicit creativity concepts indicates that Chinese teachers shared the core
concepts of creativity reported in the literature (Albert, 1983; Barron, 1988; Sternberg, 1985;
1988; Taylor, 1988). In a recent comparison study of Chinese, German, and Japanese teachers’
conceptualizations of creativity were investigated as a belief system (Zhou, Shen, Wang, Neber,
& Johji, 2013). The study found that Chinese teachers perceived imagination, originality,
curiosity, and willingness to try things as important characteristics of creative students. They also
perceived creativity as divergent thinking ability, as did the German and Japanese teachers.
Similarly, Cheung and Mok (2013) investigated early childhood teachers’ conceptions of
creativity in Hong Kong and found that imagination, multiple perspectives, and curiosity were
perceived as major characteristics of creativity. It seems that Chinese teachers’ major conception
of creativity is similar to the teachers in the West. They both address the importance of
imagination, divergent thinking, novelty, and curiosity (Baer & Kaufman, 2006; Beghetto, 2007;
Mullet, Willerson, Lam & Kettler, 2016; Plucker, Beghetto, & Dow, 2004; Fryer & Collings,
1991; Tan & Law, 2004).
However, Chinese teachers exhibited some culture-specific differences in their
perceptions. For example, Chinese teachers tended to link creativity with wisdom, intelligence,
and academic performance (Chan & Chan, 1999; Li, Poon, Tong & Lau, 2013; Rudowicz & Hui,
1998; Zhou et al., 2013). Chan and Chan (1999) examined 204 Hong Kong primary and
secondary school teachers’ perceptions of creative students. They found that some creative
characteristics cited by Chinese teachers were highly related to intellectual functioning (“quick in
responding,” “high intellectual ability,” “high verbal ability,” and “like to think”). These results
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were consistent with previous research conducted by Rudowicz and Hui (1998). In Rudowicz
and Hui’s (1998) study, Hong Kong citizens’ implicit concepts of creativity were coded into
different categories across diverse population groups. Researchers found that teachers were more
likely than parents to connect creativity with wisdom, personal abilities, or skills in creating and
making things. A later study by Chien and Hui (2010) also confirmed that teachers in Hong
Kong tended to attribute children’s creative development more to familial and innate ability
factors. Recently, Zhou, Shen, Wang, Neber, and Johji (2013) reported that Chinese teachers
perceived “creativity more as a divergent thinking process, related to cognitive ability, exhibited
in domains demanding intelligent operations” (p.245). So it was understandable that Chinese
teachers considered mathematics, a subject demanding high intellectual operations, as the most
suitable subject to exhibit creativity. Second languages and literature were viewed by Chinese
teachers as less amenable to the creative exhibition. If teachers’ mindsets place too much
emphasis on connecting creativity with intelligence, lower-achieving students and academic
subjects involving lower cognitive processes may be ignored. Any attempt at widely fostering
creativity in education could prove difficult.
Many teachers in China are eager to teach creativity as a vital component of their
students’ engagement and development. However, a majority of preservice teachers are
concerned about their own foggy understandings of pedagogies to support their students’ creative
endeavors within complex classroom environments (Diakidoy & Kanari, 1999). A recent study
conducted by Chien and Hui (2010) found that early childhood educators from Taiwan ranked
teaching methodology and curriculum design as the two most important barriers to the
implementation of creativity education. Teachers from Hong Kong and Shanghai also
demonstrated their concerns over a lack of knowledge and skills in creative teaching. Cheng
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(2010) had similar findings for primary teachers in Hong Kong. She reviewed 75 action research
reports in initial school-based creativity teaching and revealed teachers’ numerous tensions and
dilemmas. Teachers indicated that they lacked teaching resources, proper facilities, reliable
assessment metrics, experience, confidence, and adequate training to facilitate creative learning.
It is obvious that teachers face substantial barriers when they attempt to teach their students to
think creatively. Teachers need intense training in order to be up-to-date with the most effective
and innovative teaching practices.
A study using both survey and interview methods indicated that creativity was generally
expected by student teachers to emerge organically as a by-product of learning objectives, rather
than being explicitly outlined in the teaching process (Kokotsaki, 2011). Therefore, wellprepared curricula that foster creative thinking are needed before instruction can begin. Teachers
should acquire relevant techniques and strategies to help them integrate innovative techniques
(strategies, tactics, and methods) in their teaching. The lack of sufficient training in pedagogical
techniques may negatively affect teachers’ ability to apply effective creative strategies to their
classrooms (Ferrari et al., 2009). In order to successfully integrate creative learning on a regular
basis, teachers must strike a healthy balance between theory, practice, pedagogies, and subject
knowledge. In brief, teacher training must be restructured to incorporate creative teaching
methodologies.
Students’ perceptions of creativity. Chinese students have similar implicit concepts of
creativity to other people in China. Elementary school students perceived a creative person as
one who is imaginative and fluent in generating ideas (Lau & Li, 1996). College students
perceive creativity as the capability to create something new, unique, original, and
unprecedented (Rudowicz & Yue, 1998, 2000). They considered “expressing their own
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knowledge, feelings and ideas” as an important factor in identifying creativity (Rudowicz &
Yue, 1998).
Whereas some studies focus on students’ implicit concept of creativity, other studies have
examined creativeness as perceived by self and peers. Lau and Li (1996) conducted a study to
find out the relationship between peer status and students’ degree of creativeness. The results
indicated that popular children were judged by peers as more creative than unpopular children.
They also found that, among students, boys were considered more creative than girls by peers.
Another study from Li et al. (2013) demonstrated similar results, in which children nominated by
teachers as creative tended to be more popular and perceived themselves as better in academic,
social, and general self-concept. On the other hand, students perceived by peers as creative rated
themselves as better in physical appearance. It seems that when compared to their less creative
counterparts, creative students tended to be more successful in academics, more popular, and
more confident. The study indicated that creative education is beneficial not only to children’s
creative potential but also to the social aspects of their psychological adjustment; hence,
creativity education should be promoted.
Perceptions of creativity from students in different areas of China may vary. Rudowicz
and Yue’s (2000) study focused on the differences in subgroups of Chinese students in Beijing,
Guangzhou, Hong Kong, and Taipei. They found that mainland college students in Beijing and
Guangzhou rated on wisdom and individualism as important characteristics of a creative person.
Taiwanese students were more likely to regard the characteristic of enjoying life as indicative of
a creative person than their mainland and Hong Kong counterparts. Despite those minor
differences, all Chinese students shared the same core concept of creativity. However, students in
all four samples did not consider creative personalities as highly desirable virtues for a Chinese
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person to possess. They valued characteristics such as respect for elders, honesty, responsibility,
and diligence more than creative personality traits.
Chinese traditional culture has been known to be unsupportive of the growth and
development of creativity (Ng, 2001; Staats, 2011), thus it is not surprising that Chinese students
harbor a stereotype that Asians are less creative than Westerners (Ng, 2001; Wang &
Greenwood, 2013; Wong & Niu, 2013). Wong and Niu (2013) found that undergraduate students
from both China and America believed that American students have better creative abilities than
Chinese students. Chinese students maintained the same stereotypical perception even after being
told during the experiment that they are more creative than American students. Chinese college
students in Wang and Greenwood’s (2013) study held the same perception that they were less
creative than Western students. However, at the same time, Chinese students viewed themselves
as more self-disciplined and believed they had the same ability level in producing correct
answers and domain-relevant skills as Western students had. These perceptions correlate with the
Chinese culture, which highly regards the social values of “academic excellence, hard work,
determination, and persistence to obtain success” (Wang & Greenwood, 2013). Students
complained that, in order to obtain high academic achievement, they do not have time to pursue
their personal interests (Wang & Greenwood, 2013). They were longing for a school
environment that can provide opportunities to take risks and to try new things.
Research indicates that Chinese students prefer teaching styles that integrate creative
thinking. In Cheng’s study (2011), Hong Kong secondary school students were interviewed after
a program in which teachers integrated creative learning instruction into regular science classes
for about 4-6 months. Students indicated that they felt enjoyment and satisfaction with these
kinds of teaching styles. The instructors used less rote memorization, fewer lectures, and more
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activities, practice, participation, and classmate interaction. The students confirmed that they had
more opportunities to appreciate other students’ creative ideas, to think more broadly from
different perspectives, and to explore ideas in which they were interested. However, they rarely
mentioned higher-level thinking elements, such as risk-taking, challenging authority, criticizing
existing scientific paradigms, thinking metacognitively, or making decisions about learning.
None of the explicit terms of creative-thinking strategies like” brainstorming” or “divergent
thinking” were mentioned by the students. Moreover, from many students’ perspectives, they
perceived that their mistakes were not generally accepted by their teachers and that they needed
more special support or praise for their creative ideas. Similarly, university students in Mainland
China and Hong Kong also expressed a strong preference for teaching styles that generate
creative thinking and facilitate collaboration (Zhang, 2004, 2006). It seems that Chinese students
prefer integrated creative thinking in their learning. However, they need more specific techniques
to guide their creative thinking process. In addition, they need support for and acceptance of their
creative thoughts.
Parents’ perception of creativity. Research that focuses on understanding Chinese
parents’ conceptual interpretation of creativity is rare. One such example can be found in Vong’s
(2008) study conducted with parents of kindergarten children in Macao. Vong found that parent
participants’ understanding of creativity did not reflect the government and teachers’
expectations of creativity. To those parents, creativity was either too abstract to interpret or it
was only related to problem-solving abilities. Shek and Chan (1999) interviewed 420 Hong Kong
parents to investigate their perceptions of the characteristics of an ideal child. They found that
parents’ perceptions of an ideal child were closely related to academic excellence and other
traditional Chinese cultural values. Attributes such as acceptance, autonomy, creativity, critical

39

mind expressiveness, and independence were seldom mentioned by Chinese parents. Hong,
Chen, and Hwang’s (2013) study also revealed the concerns of Chinese parents. They were
worried about whether their children’s participation in after-school creative programs would
detract from the time available to prepare for high school entrance exams. Those studies
indicated that Chinese parents may not be clear on what creativity actually means and tend to put
more emphasis on children’s academic success than on the development of creative ability.
Chinese parents hold high expectations for their children’s academic performance. This
could be derived from the Confucian philosophy that education leads to higher social status.
Chinese parents believe that their children’s success will increase the wealth and social
advancement of the family and thus benefit the family as a whole. Therefore, Chinese parents are
prepared to make considerable sacrifices for their children’s education. They are willing to spend
a tremendous amount of time and money to ensure that their children achieve academic success.
Thus, government leaders and educators should tout the benefits of creativity
development to parents. In J. Hong et al.’s (2013) study, the school and supervisors met with
students’ parents several times and explained how the after-school program promoted cognitive
processes and creativity in science lessons. As the conversation continued, parents’ changed their
roles from detached observers to active facilitators who showed strong support for the program.
Once Chinese parents realize the importance and advantage of creativity development,
they may endeavor to nurture their children’s creative abilities. With understanding, it is
anticipated they will respect their children’s strange questions, allow their small children to solve
a problem on their own through trial and error (Rudowicz, 2003), encourage them to express
their own ideas, and encourage them to participate in extra-curricular activities that increase
creative potential.
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How perceptions affect students learning to be creative. People’s understanding of
creativity may affect their expectations of creative performance and their pursuit of creativity.
Chinese teachers tend to associate creativity with intellectual function, wisdom, and academic
performance. This may cause them to ignore lower-achieving students and their everyday
creative activities, as they may not accurately reflect students’ intelligence or academic scores.
Due to cultural differences, some creative characteristics such as humor, artistry, nonconformity,
expression, or assertion were seldom mentioned or well appreciated by school teachers (Chan &
Chan, 1999). These desirable characteristics might be inhibited or discouraged during classroom
instruction. Chinese teachers generally value the benefits of creativity and would like to foster it
in their students. However, the teachers report that they lacked adequate training, experience,
confidence, and resources to facilitate creative learning. Aside from the subject matter, effective
and innovative teaching practices should be emphasized in teachers’ training.
Research studies indicate that Chinese students favor the integration of creative thinking
into classroom learning (Cheng, 2011; Zhang, 2004, 2006). They overwhelmingly prefer such
learning to rote memorization. Enhanced participation and interaction with classmates are also
popular among students. However, they lack specific techniques to stimulate their creative
thinking process. Chinese students often complain that they have no time to pursue creative
interests because of their burdensome academic load. Thus, schools should provide more
opportunities to foster creative thinking.
The social value of academic excellence plays an important role in students’ learning and
also influences parents’ and students’ perceptions of creativity. Parents associated creativity with
problem-solving and academic excellence (Shek & Chan, 1999; Vong, 2008). Chinese students
perceived popular children and their high-achieving peers as creative people (Lau & Li, 1996; Li
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et al., 2013). Although Chinese students believed themselves to possess the same academic
prowess as Western students, they were less confident in their relative creativity (Wang &
Greenwood, 2013; Wong & Niu, 2013). Thus, educators should build students’ confidence by
giving them detailed instruction on how to increase their creative performance. Schools and
educators also need to communicate more effectively with parents, addressing the benefits of
creativity and instilling its philosophy in parents in order to obtain their willing support.
Science Education in China
When international testing reached Shanghai in 2009, China gained attention for
outstanding academic performance. The test, known as the Program for International Student
Assessments (PISA), assesses student literacy in math, science, and reading across countries.
Shanghai’s students ranked number one in science among 65 participating nations. However, the
Chinese educational system is often described as examination-oriented. Teacher-centered and
rote-learning approaches are still prevalent in science education. Chinese students lack hands-on
experiences and they are not sophisticated enough to apply knowledge to solve real-world
problems. Moreover, Chinese students are thought to lack creativity (Niu & Sternberg, 2003;
Tweed & Lehman, 2002; Zha et al., 2006). The “creativity problem” is a common topic in the
Chinese media and academic journals, reflecting a common belief that China is not renowned for
the creativity of their students in the world (Pang & Plucker, 2012).
China is seeking innovative entrepreneurial talent to transform its labor-intensive
economy into one built on creativity and technology. China’s former president Hu Jintao
emphasized the importance of educational innovation during his tour of schools celebrating
Teachers’ Day in China (CNTV, 2010). Kaifu Lee, the former president of Google China, has
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spoken out many times about China’s inability to produce innovators and asserted that China will
not produce the next Steve Jobs unless it reforms its education system (BBC News, 2012).
In recent decades, science education in China has implemented considerable reforms that
aim to develop students’ scientific values and world outlook, to help them seek the truth, and to
be creative and innovative (Chen, 2003). It is vital that reforms be fully integrated into regular
science learning. However, dilemmas still exist and educators are seeking a balance between
traditional educational values and new teaching approaches. China is facing the challenge of
closing the gap between rhetoric and reality in providing good quality science education for the
next generation.
In this section, the characteristics of Chinese science education in teaching and learning
are reviewed. Problems that may inhibit creative teaching and learning in science are discussed.
Characteristics of Traditional Teaching Approaches
Textbooks and curriculum. In China, curriculum planning and development is highly
centralized and directed by the government. Science textbooks are written by education experts
under the supervision of the Ministry of Education (Stevenson & Stigler, 1992; Wang & Mao,
1996). The unified standardized curricula and syllabi are required or strongly recommended
across the nation (UNESCO, 2007). In recent decades, local governments have been allowed to
produce different provincial textbooks in order to adapt to local contexts. However, the regional
science textbooks all still represent the national curriculum framework and cover essentially the
same materials developed by the Chinese central government (Ministry of Education of the
People's Republic of China, 2001).
Science textbooks have both student and teacher versions. The teacher’s textbook
provides guidelines for lesson preparation and implementation, including teaching guidelines,
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learning outcomes, materials needed for activities, and lesson steps (Tao, Oliver, & Venville,
2013). Student versions contain very concise explanations of each topic. Illustrations are only
used to depict the essential points of the materials (Wang & Mao, 1996). It is expected that
teachers will provide supplemental learning materials needed for students to achieve a deeper
understanding of topics (Dello-Iacovo, 2009; Wang & Mao, 1996).
Students and teachers follow the textbook very carefully. They study every detail of the
prescribed science concepts in order to excel in national examinations. The annual province- and
city-wide examinations are closely based upon what is contained in standard textbooks.
Therefore, concepts and theories in the science textbook will not be overlooked by teachers and
students (Gao, 2014; Wang & Mao, 1996). Students are also expected to do every exercise in the
textbook (Stevenson & Stigler, 1992). Researchers compared the science teaching of Chinese
schools with that of western schools and found that teachers in western countries had more
flexibility to decide how the content was delivered (Aldridge, Fraser, & Huang, 1999; Tao, et al.,
2013). Western teachers were able to use diverse and creative teaching methods along with local
resources to optimize the formal curriculum in ways that best suit their students. The centralized
control of the Chinese science curriculum restricts teachers’ freedom to select proper learning
activities for their students.
The Chinese government realized that the centralized control of the Chinese science
curriculum may restrict teachers’ freedom to select proper learning activities for their students.
Thus, the new curriculum standard for science and technology is to replace the memorization of
scientific knowledge with the development of students’ intellectual curiosity. It encourages
students to find connections between science, society and their own personal lives (Zhao, 2004).

44

However, educators are still seeking a balance between implementing a new curriculum and
preparing for college examinations (Dello-Iacovo, 2009).
Teacher-centered teaching methods. In China, a class usually consists of about 40
students, and as many as 50 to 60 (Li, 2008; Starr, 2012; Wong, Hodson, Kwan, & Yung, 2008).
In large classes, teachers tend to lecture as students listen (Tao et al., 2013; Chang & Mao, 1999;
Gao, 1998). According to Su, Su, and Goldstein (1994), in a typical teacher-centered classroom,
teachers have absolute authority and students are passive recipients of knowledge. Students are
not encouraged to challenge or question the teacher’s pronouncements (Hessler, 2001; Kember
& Watkins, 2010; Su et al, 1994). They are expected to be quiet, pay attention to the teacher, and
not disturb the other students (Su et al., 1994). This teacher-centered pedagogy lacks discussion
and communication between teacher and students (UNESCO, 2008). The focus is on in-class
lectures, to the detriment of extracurricular forms of learning (UNESCO, 2008). Proficiency in
standardized test-taking is imposed upon the students through repeated drills of exercises (Su et
al., 1994).
One advantage of using teacher-centered lectures as the primary means of instruction is
that knowledge can be transmitted in a limited time period. Second, this method also allows a
teacher to maintain better control over the class. Third, lesson plans are engineered to keep
students engaged and attentive by incorporating elements that are germane to their personal
experiences (Brookhart, 2009). The shortcomings, however, are a general lack of dialogue and a
stifling of individual expression, especially in the realm of alternative viewpoints. Such a dearth
of debate and criticism do not support the development of creative potentials.
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Teaching Creativity in Science
With the government’s emphasis on the reform of creativity education (Chen, 2003; Hui
& Lau, 2010; Pang & Plucker, 2013; Tam, Phillipson, & Phillipson, 2016), China is now in need
of effective methods to infuse creative thinking into their regular classroom instruction.
Educators in China are dedicated to finding effective discovery and participatory teaching
methods to stimulate students’ critical and creative thinking (Dello-Iacovo, 2009: Mullen &
Browne-Ferrigno, 2018). Various training programs have been found to support the development
of students’ creativity. In China, research on increasing creativity in science education has
received increasing attention in recent years. In this section, five studies from recent literature on
teaching creativity in science in China are reviewed.
Long-term programs. The most widely used training program was the “Learn to Think”
(LTT) intervention program (Hu et al., 2013). It was implemented in more than 300 schools and
involved more than 200,000 primary and secondary school students over a 10-year span. The
LTT program was designed for students in grades one through eight. It covered physics,
chemistry, biology, daily life experience, and other subject matter. Each grade had a specific
curriculum and manual, which included 16 activities. The secondary curriculum was divided into
thinking-oriented activities and inquiry activities. The former involved concrete thinking (image
conversion, imagination, space cognition, and association), abstract thinking (comparison,
classification, reasoning, generalization, analysis, synthesis, and differentiation) and creative
thinking (analogies, reorganization, brainstorming, divergent thinking, breaking the set, and
transference). The inquiry activities involved problem finding, problem solving, story
composition, and scientific inquiry.
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Each activity was implemented in four steps. First, the teacher introduced the topic,
directing the students in effective thinking methods. Second, the teacher encouraged students to
observe, think, discuss, and conduct experiments. Students were able to explore learning
methods and strategies by themselves. Third, students reflected on how they worked and what
they learned. Lastly, students applied and transferred the new knowledge to daily life or other
domains.
In Hu et al.’s (2013) experimental research on LTT, seventh graders in the experimental
group participated in the 2-year LTT program for a 45-minute section every two weeks.
Students’ scientific creativity was examined four times from pre-test to delayed post-test. The
findings showed that the composite scientific creativity scores of students in the experimental
group were significantly higher than those of the students in the control group, and this
advantage trend tended to be long-lasting. The researcher argued that the LTT program
stimulated students’ motivation and provided chances for them to transfer the thinking methods
into daily life and other domains. Those activities accelerated the development of students’
scientific creativity.
Another school-based creativity project was conducted in Hong Kong (Cheng, 2011).
More than 30 secondary schools participated in this project for three years. The project aimed to
infuse creative teaching approaches into regular school science lessons. Students’ perceptions of
the improvement in their attitudes, conceptions, abilities, and behaviors in creative science
development were examined.
The project has developed five types of creative science learning activities: discovery,
understanding, presentation, application, and transformation of science knowledge. Examples of
discovery activities included conducting an open inquiry project, working on a divergent
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thinking exercise, generating hypotheses, designing experiments and measurement methods, and
making inferences from empirical data. For understanding science knowledge in a creative way,
students were asked to provide new alternative examples, analogies, and explanations of
scientific theories and concepts. Conflicting ideas, debates, and opposing evidence were used to
reconstruct students’ previous science conceptions. In presentation activities, students were
encouraged to present science knowledge by using forms of role-playing, drama, and writing
songs, poems, and stories. In order to make this knowledge more applicable, teachers presented
the class with unique scenarios, then asked them to explain natural phenomena, predict results,
and possibly come up with innovations to existing technologies by thinking outside the box. To
foster the transformation of science knowledge, students were encouraged to question and
criticize the content of the textbook, to suggest changes.
School teachers attended a series of workshops and conducted small-scale try-outs for 2
years. After the training, they incorporated the creative science learning activities into their daily
lessons for four to six months. Teachers were given plenty of freedom to choose learning
objectives, teaching strategies, science topics, and design their own creative activities for
students’ needs. From the quantitative results of the ‘creative learning characteristics’
questionnaires, the researcher found that students’ perceptions of four aspects of creativity
development in science (attitude, conception, abilities, and daily behaviors) were significantly
increased. However, the results from student interviews indicated that students’ high-order
creative developments, such as innovative thinking, challenging authority, risk-taking attitudes,
metacognitive strategies, and learning transfer were weak. The researcher suggested that
educators should consider the need for scaffolding students in different tiers of creative
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development, from simple creative attitudes and abilities to the higher-order level of creative
thinking.
In Cheng’s (2011) study, some students reported that they found the creative tasks
difficult and demanding. They needed time and examples to adapt to the new kinds of creative
learning. They also needed the teachers to provide more content related to daily life.
Jang’s (2009) study conducted in Taiwan could provide some tips to fix the problems
perceived by students in Cheng’s (2011) study. Jang’s (2009) used web-based technology to
stimulate students’ creativity, which provided a more flexible time frame for creative learning. A
science teacher and 31 seventh graders participated in this study for an entire semester. The
teacher and students met in the computer lab. Four to five students were assigned small group
activities. The innovative science curriculum included modified activities from the textbook and
other self-developed real-life topics. The web-based technology was used to deliver real-life
learning materials, examples, online group discussion, homework, and feedback.
The curriculum was designed in five steps. First, in order to focus students’ attention on
the topic, they were given a web-based homework assignment before the lecture. They searched
for methods of solving the homework problems from the Internet and discussed the source
material in class. Second, the teacher used PowerPoint to present the science concepts and reallife examples for explanation. Third, students were asked to design a group-based science
experiment and shared their results between groups. Fourth, to evaluate the learning outcomes,
students need to answer online questions individually and within groups. Fifth, the teacher
presented her methods for the experiment. Students applied what they had learned in class and
discussed possible solutions to problems. Contrasting this with the traditional cookbook method
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of experimentation, this process better stimulated brainstorming and provided more freedom for
students to use their own imagination for seeking new solutions.
From all sources of qualitative data, the researcher found that students’ creative-thinking
abilities – including fluency, sensitivity, flexibility, originality, and elaboration – were stimulated
by the interaction among group members. They came up with more ideas in online problems,
more interesting thoughts during observation, more novel solutions to problems, and were better
able to elaborate their ideas in the class presentation.
The three studies above were all based on regular science learning. In China, researchers
are also dedicated to researching creativity programs in extracurricular activities. In Taiwan, the
team of Hong, Hwang, and Tai (2012) developed a model for the creative problem solving (CPS)
process that can be used to train individuals in high-pressure science contests. The model was
developed based on the questionnaire data obtained from 188 students who participated in the
GreenMesh contest in 2011. The contest required a group of four students to assemble a steady,
unchained contraption with creative mechanisms based on scientific principles and green energy
concepts. The competitors were under pressure to generate ideas and solve problems since they
were only given half a day to complete the task.
The questionnaires contained eight components to investigate the ways in which students
reasoned during the contest. The path analyses indicated that the CPS process included five
stages: problem openness (sensitivity to a problem), mental activation (mood arousal and logical
reasoning), idea generation (striking a balance between internal and external sources of ideas),
idea transformation (confrontation and support), and idea consensus (arriving a solution). In the
first stage, the process of identifying a problem occurs. In the second stage, idea-generating and
gathering processes are activated by mood arousal (e.g., sensitivity to changes of other’s
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opinions, working space, function and materials of an object) and logical reasoning (e.g.,
relationship, features, similarities, and causation). In the third stage, when problem solvers are
looking for a solution, they combine individual interactions with data, devices, and people, with
meditative thinking during calm intervals. In the fourth stage, the idea transformation process
employs two approaches: answering objections to new ideas, and rallying support for the idea. In
the final stage, students evaluate the effectiveness of their solutions.
The study by Hong et al. (2012) provided a model for problem solvers to evaluate the
effectiveness of their thinking behavior when they engage in problem-solving activities in a
high-pressure environment. Further study may allow for empirical application of this training. It
would also allow future researchers to more accurately assess the effectiveness of training in
creative problem-solving.
Short-term programs. Only one short-term empirical study (Hu, Shi, Wang, & Adey,
2010) related to scientific creativity has been conducted in China. This study provided evidence
about how the type of instruction affects creative scientific problem finding (CSPF) ability
among elementary, middle, and high school students. The participants were 1,367 students from
grades three through eleven. Students were asked to generate science-related questions in both
open and closed conditions. The open-instruction question asked students to generate all sciencerelated questions based on their routine experiences. The closed instruction question was more
specific, asking students to write down as many scientific questions as possible related to an
image of an astronaut on the moon.
Creativity scores for fluency, flexibility, and originality were examined based on
students’ answers in each instruction condition. Originality scores under open instruction were
all higher than the scores under closed instruction for all grades. However, flexibility and fluency
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scores showed different results depending on grade level. In the higher grades, the flexibility and
fluency scores under open instruction were lower than the scores under closed instruction.
Students in the lower grades tended to be less affected by instruction type. In this study, Chinese
students showed similar results in the study by Runco and Okuda (1991). The authors argued
that learning forms that use explicit instructions may not influence students’ ability to generate
ideas, but may affect their use of ideational strategies. In this case, students focused on unique
questions under open instruction, because they had a larger pool of questions from which to
draw. Students in lower grades may be limited by their knowledge and experiences, so neither
type of instruction influenced their problem finding ability. Upperclassmen tend to have more
scientific knowledge and experiences from which to formulate questions from different subject
domains. Also, they may have been exposed to more influences from the ideational strategies
that were determined by instructional type.
Training Programs for Increasing Creative-Thinking Ability
Creativity training programs became popular in the 1950s. Alex Osborn, one of the
pioneers in the field, first introduced a brainstorming technique to be used in creative problemsolving (Osborn, 1953). In later decades, creative training programs proliferated in a wide variety
of settings, such as business, education, and consulting organizations (Isaksen & Treffinger,
2004). Depending on their purposes, these programs vary in their scope and methodology. Some
of them focus on certain (various) stages of cognitive processing, such as problem finding, idea
generation, divergent thinking, implementation planning, and solution monitoring. Some of them
emphasize the importance of establishing creative climates, increasing creative awareness,
developing creative personalities, and promoting positive attitudes toward creativity. Some of
them attempt to exercise creative core skills, such as training on divergent thinking to improve
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fluency, flexibility, originality and elaboration skills. Others aim to use creative-thinking
techniques, such as brainstorming, incubation, analogies, synectics, morphological synthesis, and
visualization in order to develop attitudes and habits that facilitate creative thinking. This section
provides an overview of the variety of creativity training programs that are relevant to the current
training models for school science instruction.
Programs on Creative Thinking Process
A well-known process-based training approach is the Creativity Problem Solving (CPS)
program. It was formerly known as the Osborn-Parnes CPS process, which was originated by
Alex Osborn (1953) and developed by Sidney Parnes (1967). It provides a structured model for
students to follow in order to produce solutions to a problem in multiple ways (Triffinger, 1995).
Many studies have demonstrated that the Osborn-Parnes CPS is one of the most effective
programs for enhancing students’ creativity (Rose & Lin, 1984; Torrance, 1986). For example,
Torrance (1986) reviewed 166 experimental studies from elementary levels to college and adults
level. He concluded that the Osborn-Parnes CPS and its modifications were the most successful
creativity training programs among 13 categories of training programs. Rose and Lin (1984)
conducted a meta-analytic study to examine the effectiveness of training programs in increasing
creative thinking. They reported that the CPS training program has the most consistent impact on
Torrance Tests of Creative Thinking (TTCT) scores.
The CPS model has been refined by many researchers and disseminated widely in
education and business settings (Isaksen & Dorval, 1993; Isaksen & Treffinger, 1985; Noller,
1979; Treffinger & Isaksen, 1992; Treffinger, Isaksen & Firestien, 1982). To date, the CPS has
been modified to version 6.1. According to Isaksen and Treffinger’s (2004) framework, the CPS
version 6.1 model includes eight steps within four main components: understanding the
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challenge (constructing opportunities, exploring data, framing problems), generating ideas (idea
finding), preparing for action (developing solution and building acceptance), and planning your
approach (appraising task and designing process). The new framework of the CPS model is more
flexible. It guides problem solvers to keep track of approaches they apply in CPS. The
individuals need to take into account the people involved, the content of the task, the context
they were working, and the available methods in order to manage and modify their activities
(Treffinger, Isaksen, & Dorval, 2003). They decide which components, stages, or tools that they
really need. Thus, the procedures of the framework are no longer sequential and prescriptive.
When necessary, a problem solver can return to the previous stages or jump ahead to a new
stage. In summary, the new pathway enables individuals and groups to recognize alternatives,
respond to new challenges, and thereby to manage change (Treffinger & Isaksen, 2005).
Nowadays, researchers focus on making the CPS model more natural and flexible for
different individuals to apply in a wide range of contexts and situations (Treffinger & Isaksen,
2005). The CPS model is also applied in science education to promote students’ creative
potentials. For example, the CPS approach was immersed in the creative curriculum in a science
day summer camp, which involved more than 400 elementary schools nationwide (Saxon,
Treffinger, Young, & Wittig, 2003). The learning modules provided children opportunities to
look at things in different ways and to build devices to solve problems. Children were required to
incorporate the scientific method, teamwork, and problem-solving skills to make hypotheses and
build new knowledge. The results of the study showed that the program stimulated children’s
creativity and imagination, and helped children developed an appreciation of science and
invention.
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In another study conducted in Taiwan, the CPS approach was applied to help college
students to construct nano-photocatalyst knowledge in an engineering technology course (Tseng,
Chang, Lou, & Hsu, 2013). Students were guided to plan CPS procedures to build creative
concepts, examples, and successful cross-links in their concept maps. After the training, three
experts assigned students into meaningful, rote learning, and non-learning groups according to
students’ quality of their concept maps. The meaningful learning in the rating criteria involved a
great amount of conceptual change and a deeper understanding of the topic integrated with prior
and new knowledge. The research discovered that not all learners can use CPS effectively to
facilitate concept mapping. Only students who achieved meaningful learning performance
produce high creative concept maps. They inspired new ideas, solved mapping problems, and
selected suitable concepts through brainstorming and group discussions. However, the students
who achieved rote learning performance or non-learning performance failed to utilize critical
thinking and displayed no indication of creativity in their concept maps. The authors argued that
some students’ motivation may not have been completely stimulated. So facilitating teachers also
need to pay attention to student motivation issues.
Similar to the CPS, the instructional curriculum used in the current study provides four
learning phases as a process model to guide students in science learning. The phases are also
flexible as teachers can select or return the suitable phase for students’ needs. All phases in the
instructional model intend to make learning meaningful to the students.
Programs on Increasing Creativity Consciousness and Attitudes
Consciousness and attitudes are important components of creative growth (Davis, 2006).
Therefore, some of the creativity training programs aim to increase creativity consciousness and
creative attitudes. Davis (2006) theorized that creativity consciousness and creative attitudes

55

include: (1) an awareness of the value of creativity for self-actualization and solving daily
problems more creatively; (2) an appreciation of the creative people and creative ideas in the
advancement of civilization (e.g., innovation in human history); (3) an awareness of obstacles
and barriers to creativity (e.g., tradition, rules, social expectations, and pressure to conform); (4)
a receptiveness to the unconventional, tradition-breaking ideas of others; (5) a predisposition to
think creatively (e.g., play with ideas, try novel solutions); and (6) a willingness to take risks,
make mistakes, and fail.
Basadur, Graen, and Scandura (1986) provided training in creative problem solving in
order to persuade manufacturing engineers to engage in divergent thinking on their jobs. The
treatment was based on divergent thinking and contained three stages: problem finding, problem
solving, and problem implementation. All content was connected to engineers’ job-related skills.
The primary feature of their process is that within each of the three stages, there was a
dichotomous process called “ideation-evaluation,” which separates idea generation from
evaluation. In the former, all value judgments are put aside. The researchers asserted that this
process helped engineers to generate more ideas without thinking about whether those ideas will
be accepted or not. Results indicated that the trained engineers had higher preferences for
ideation in problem solving, and practiced ideation in both problem finding and problem solving.
Their problem finding abilities were more favorably evaluated.
In another creative training program conducted in China, researchers involved first
graders in multiple activities to encourage risk-taking and self-challenging (Shi, Qu, & Liu,
2007). Activities included debating, watching films about scientific explorers, and giving a
speech to the public. Those activities increased students’ interest, curiosity, and desire for
exploration. A study by Cho, Chung, Choi, Seo, and Baek (2013) from another perspective
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found that students’ creative attitudes (e.g., curiosity, interest, sensitivity) were better developed
when they were required to generate new solutions or produce new products based on their
internalized knowledge, rather than just by accepting new concepts or generating ideas through
observation and hands-on training.
The Productive Thinking Program (PTP), developed by Covington, Crutchfield, and
Davis in the 1960s was designed to develop creative problem-solving abilities and positive
attitudes towards creative thinking for fifth- and sixth-graders (Covington & Crutchfield, 1965;
Olton, 1979; Ripple & Dacey, 1967; Schuler, 1974; Treffinger & Ripple, 1971).
The program attempts to build up students’ self-confidence and positive attitudes towards
difficult problems. It consists of 16 workbooks in a comic format. In the series of lessons,
students work on mystery problems with two elementary students, Jim and Lila. At the beginning
of the storyline, Jim and Lila are portrayed as two unskilled problem solvers with little
confidence in their own ideas. They learn to become “detectives” by following the instruction of
their uncle John, a science teacher as well as the detective “Mr. Search.” Uncle John provides
instruction in a variety of productive thinking skills. He leads students to generate multiple
original ideas, to evaluate their ideas within relevant contexts; to look at the problem from
different angles if they get “stuck,” and to integrate varied thinking skills when working with a
challenging intellectual task (Olton, 1969). Students share struggles with Jim and Lila and learn
by their mistakes. In each lesson, more and more information and clues unfold, leading students
to achieve success in a sequence of steps. Students’ self-confidence increases though their
experience of finding solutions to difficult problems independently.
The PTP-trained students demonstrated improvement in their creative-thinking skills,
such as generating multiple ideas and hypotheses (Covington & Crutchfield, 1965; Schuler,
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1974; Olton, 1969; Wardrop et al., 1969), looking for relevant questions (Olton, 1969); using
facts and information (Schuler, 1974; Olton, 1969), providing original ideas (Speedie, Treffinger,
& Feldhusen, 1971), and generating richer and more thoughtful content (Olton & Crutchfield,
1969). The PTP program showed consistent results in improving students’ self-confidence and
attitudes towards problem solving. It was found that instructed students held higher confidence
about their competence in problem solving, and showed greater consistency in finding solutions
to problems (Crutchfield & Covington, 1966; Ripple & Treffinger, 1968; Treffinger, 1969).
Although Davis (2006) asserted that creativity consciousness is easy to teach, studies on
creativity training did not always produce tangible results in changing participants’ attitudes
toward creative thinking (Rickards, 1975). Trainers may go back to their old thinking behaviors
unless they develop more positive attitudes towards creative thinking. Thus, teaching procedures
should be planned carefully in order to change participants’ long-held beliefs.
Programs on Exercising Creative Abilities (Fluency, Flexibility, Originality, and
Elaboration)
The Torrance Tests of Creative Thinking (TTCT), tests of creativity, are a common tool
used to measure students’ creative abilities levels on divergent thinking (Torrance, 1990, 1998,
2008). It was scored on four major scales: fluency, flexibility, originality, and elaboration.
Fluency is the ability to produce many verbal or non-verbal ideas. Flexibility is the ability to
think of different categories of relevant responses. Originality refers to uniqueness and
unconventionality in thinking. Elaboration is the ability to illustrate detailed information about
an idea.
Some creativity programs gave training directly to exercise and enhance those creative
abilities. For example, the traditional creativity exercises ask students to think of unusual uses of
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an object (e.g., write down as many as possible uses as you can for a piece of paper). The
product improvement problems ask students to think of improvement for a familiar object (e.g.,
“List as many ideas as you can think of to improve a bathtub” (Clapham, 1997). The design
problems ask students to design a useful device (e.g., an apple-picking machine), draw a picture,
and point out the name and function of each part (Hu & Adey, 2002).”
The Purdue Creative Thinking Program is one of the programs that aimed to improve
students’ divergent thinking abilities in verbal and figural fluency, flexibility, originality, and
elaboration (Mansfield, Busse, & Krepelka, 1978). The program presented techniques to enhance
creativity (presentation), introduced stories about famous historical pioneers to stimulate
students’ interest, and provided exercises in divergent thinking tasks. Research confirmed that
the PCTP program facilitated the development of at least one of the following thinking abilities:
verbal and figural fluency, flexibility, originality, or elaboration (Feldhusen, Bahlke, &
Treffinger, 1969; Feldhusen, Treffinger, & Bahlke; 1970; Robinson, 1969). In meta-analysis
research of creativity training programs, Rose and Lin (1984) found that the PCTP had its
greatest effects on figural fluency and flexibility, accounting for 48% and 30% of the variance,
respectively. Regarding the effectiveness of three program component sections (presentation,
stories, and exercises), exercises were found to be the most effective component in increasing
students’ creative abilities, followed by stories and presentations (Speedie, 1970).
Techniques and Strategies Used in Education and Research in Science
This section reviews a variety of training techniques designed to promote creative
thinking during training, especially in science education and research. Some of these techniques
reviewed in this section are from de Bono’s lateral thinking approach, such as brainstorming, the
six thinking hats, and analogies. The lateral thinking approach consists of a collection of
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techniques designed to help individuals look at problems from different perspectives in order to
generate new ideas and alternative solutions (de Bono, 1992). Lateral thinking is intuitive,
provocative, nonsequential, and illogical (Ripple, 1999). This method supports illogical thinking
to connect unrelated elements during creative problem solving.
Familiarity with these techniques gives teachers options to facilitate creativity and gives
students a set of tools to foster creative thinking. Creative-thinking techniques also enable
students to use more of the available knowledge that they already possess for generating novel
products. However, familiarity with creative-thinking techniques alone does not guarantee the
application of such skills to outside circumstances. Thus, teachers should teach students how and
when to use those techniques appropriately in various situations (Starko, 2005).
Brainstorming
Brainstorming is an effective way to encourage intellectually divergent thinking and has
been widely used in the CPS (Treffinger, Isaksen, & Young, 1998). This approach was first
introduced by Alex Osborn (1953), who sought to create an open-minded atmosphere for
generating novel ideas with deferred judgment. Later, de Bono (1970) incorporated the
brainstorming technique in formal classroom settings into lateral thinking. He suggests that the
cross-stimulation will lead to information rearrangement and the productions of original ideas.
During the brainstorming process, students are asked to list as many ideas or solutions as
possible. They may perceive 1) gaps and challenges; 2) think of unusual situations; and 3)
elaborate and extend alternatives (Treffinger & Isaksen, 2005). Teachers’ and students’
evaluations are postponed until many ideas have been produced. The intent of the deferredjudgment principle is to let idea-production flourish in a non-judgmental and supportive
atmosphere (Starko, 2005).
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Brainstorming has been used during creativity training in flexible ways and has been
proven to be effective in increasing students’ creativity in science education (Aktamis & Ergin,
2008; Jang, 2009; McCormack, 1971). In McCormack’s (1970) study, college students were
asked to use a brainstorming technique during science laboratory sessions. They were
encouraged to suggest any idea, no matter how ridiculous it might sound. The experimental
group was found superior to the control group in achieving higher scores for fluency, flexibility,
and originality in the TTCT. In recent studies, Aktamis and Ergin (2008) asked students to
brainstorm science hypotheses, and Jang (2009) provided a web-based environment in science
class for students to formulate different ideas. Both of those studies found students’ scientific
creativity increased by brainstorming. Wang, Rosé, and Chang (2011) gave brainstorming tasks
for 10th graders in their regular geography class. They found that brainstorming supported idea
generation and multi-perspective learning. They suggested that increased learning during
brainstorming was due to exposure to others’ perspectives which enriched the representation of
the domain that participating students already have. Their study also supported the idea that
students were able to be more creative about hypothesizing solutions to problems.
In general, this brainstorming technique is used in group settings because it encourages
students to generate even more ideas by building upon other’s ideas. Yet, Cropley (2001) and
Hill (1982) note that brainstorming can be used as procedure. They argue that brainstorming can
be more effective if individuals work on a problem independently before sharing ideas with the
other team members. De Bono (1988) also contends that individuals are much better at
generating ideas and fresh approaches than groups, especially when they do not know the usual
solution to a problem. Once the original idea has been conceived, the group may do better at
developing the idea and taking it in more directions. In the current study, brainstorming was used
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as one of the thinking techniques in science classroom instruction. Students were asked to think
of multiple ideas first, and then to share their ideas with group members.
According to Bouchard and Hare (1970), brainstorming instruction includes the
following four procedural rules: (1) criticism is ruled out, (2) freewheeling is welcome, (3)
quantity is wanted, and (d) combination and improvement are sought. Teachers can follow these
rules to promote classroom brainstorming.
Analogies/Metaphors
In the literature, analogies and metaphors for thinking techniques have been frequently
associated with creativity, especially in the science domain (Cruz & Smedt, 2010; Miller, 2000;
Sanchez-Ruiz, Santos, & Jimènez, 2013; Sanz de Acedo Lizarraga, Sanz de Acedo Baquedano,
& Humberto Closas, 2011). By applying those techniques, a more familiar entity is used to
provide information, with similarity relations to explain or communicate ideas about a less
familiar entity (Aubusson, Harrison & Ritchie, 2006; Dagher, 1995). In lateral thinking, the
analogy technique is viewed as a vehicle for understanding relationships and how things happen
(de Bono, 1970). It helps problem solvers escape natural and obvious patterns of thought and to
generate further ideas. Analogies can be used in classroom situations but also by individuals
outside of a formal classroom setting.
In science education, teachers and students use analogies to interpret new concepts,
transfer knowledge and produce new perspectives. Thus, analogies and metaphors are creative
and powerful tools to “evoke mental images that meld prior knowledge and experiences with
new knowledge, concepts and experiences” (Aubsson et al., 2006).
According to Glynn et al. (1989), analogies are more frequently used in scientific and
technical contexts, while metaphors are more frequently used in literary. Duit (1991), from the
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perspective of science learning, distinguished analogies and metaphors in this way: “An analogy
explicitly compares the structures of two domains; it indicates the identities of parts of structures.
A metaphor compares implicitly, highlighting features or relational qualities that do not coincide
in two domains. Taken literally, metaphors are plainly false” (p. 651). That means an analogy
claims the similarity of a set of like relationships but does not claim total identification among
two entities as metaphors do. Simply, as Aubusson et al. (2006) noted, in analogy, A is like B;
but in metaphor, A is said to be B. For instance, a frequently cited analogy example is “an atom
is like a solar system.” A metaphor example could be “A cloud is a sponge.” However,
practically, analogies and metaphors are closely related and are used in a variety of ways in
science education literature. It is impossible to give a clear-cut definition or usage for those two
terms. They are normally used interchangeably in science education.
To guide the process of analogical reasoning in science classroom learning, researchers
have developed several instructional models. Teaching-with-Analogies (TWA) is a typical model
(Glynn, 1991; Glynn, Britton, Semrud-Clikeman, & Muth., 1989). In this model, Glynn (1991)
provided three criteria as a starting point to help science teachers in judging the appropriateness
of the analogies: (1) the number of features compared, (2) the similarity of the features, and (3)
the conceptual significance of the features compared. The analogy is a double-edged sword. If
used appropriately, it makes meaningful connections. If used inappropriately, it leads to
misconceptions. Thus, Glynn (1991) suggests that teachers should examine their analogies
carefully before introducing them to the students. After the verification, teachers should follow
six steps to apply the analogy in the instruction: (1) Introduce the target concept, (2) remind
students of what they know about the analog concept, (3) identify relevant features of the target
and analog, (4) connect the similarities, (5) indicate where the analogy breaks down, and (6)
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draw conclusions about the target concept based on the analog concept. The TWA model
provides a systematic approach to teachers as a guide to apply effective analogies in school
instruction. However, Glynn (1991) warned that the quality of the analogy would be reduced if a
teacher only performs some of the operations above.
Treagust, Harrison, and Venville’s (1998) review of the TWA shows evidence of Glynn’s
(1991) concern. They found that even the experienced science teachers forgot one or some of the
operational steps. Thus, Treagust et al. (1998) proposed a simpler and more teacher-friendly
model of analogy teaching in science class. This model has three phases – Focus, Action, and
Refection (FAR). In the Focus phase, the teacher will think about the difficulty, familiarity, or
abstractness of the concept being taught. It also involves the teacher’s consideration of students’
prior knowledge and experience with the analog. During the Action phase, the teacher will map
the similarities and differences between the analog and target concepts and show where the
analogy breaks down. The reflection phase will finally guide the teacher to evaluate the
usefulness of the analogy and make adjustments as needed.
The TWA and FAR models have been tested and have shown their effectiveness in
enhancing understanding of science concepts (Glynn & Takahashi, 1998; Harrison & Treagust,
1993, 2000; Paris & Glynn, 2004). However, the two models are designed for teachers to have
the primary responsibility toward learners, providing analogies and leading them to think. Yet,
sometimes, teacher-generated analogies are more confusing to the student than the academic
concepts (Middleton, 1991). Thus, some researchers suggest that another effective strategy is to
ask students to generate their own analogies and make connections between the analogs and the
concepts (Cosgrove, 1995; Glynn, 2007; Middleton, 1991). Middleton (1991) states that the
learning process becomes active when students generate analogies. This is because the students
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are forced to think about the intended concept in order to create an analogy that makes sense to
them.
In Middleton’s (1991) study, most of the students agreed that the use of lateral thinking
with self-generated analogies increased their learning of biological vocabulary and increased
their creativity. Cosgrove’s (1995) finding confirmed that, during the process of analogy
generation, the students experienced science-in-the-making and gained more confidence.
However, Sutala and Krajcik’s (1988) study showed that only students with higher cognitive
abilities benefited more from self-generated analogies, whereas students with low abilities
benefited more from teachers’ help in making analogical connections. If students had no idea
about an analogous solution or had only a superficial idea about the target, they were not able to
make analogies. In order to help students recognize analogous solutions, the teacher should
provide analogical examples focusing on structural similarity rather than on surface similarity to
the target (Chen & Daehler, 1989). Once students understand that the goal is to look for the
common action pattern, the transfer of analogous solutions is rapid (Brown & Kane, 1988).
Noticing and applying an analogy drawn from a different domain may produce a new
perspective leading to the development of something new. Analogical models can be used as an
approach to promote creativity in science, mathematics and computing (Cheng, 2011; Mayer,
1989). For instance, in Mayer’s study (1983), the teacher used the analogy of a bouncing ball to
represent the concept of radar. Students who observed the model showed better performance on
transfer problems than the students in the control group. Mayer (1983) concluded that the
analogical model helps students encode new information coherently and to more easily solve
problems that arise in novel situations. However, qualitative research on the relationship between
applying analogies and creativity development in science education is sparse
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Synectics. Synectics is a term adopted from the Greek word synecticos, meaning “the
joining together of different and apparently irrelevant elements” (Gordon, 1981). It was
originally developed by Gordon (1961) and aimed to train engineers and scientists confronted
with problems that may not be solved through traditional problem-solving approaches. It is
intended to inspire new perspectives on a problem by combining unrelated factors. Synectics
involves two creative processes, making the strange familiar and making the familiar strange
(Prince, 1968). Metaphors and analogies are two basic techniques to aid those processes and
achieve creative results. An analogy or metaphor can allow students to see similarities to the
strange problem and make it looks familiar and understandable. To make the familiar strange is
“to distort, or transpose the everyday ways of looking and responding” (Gordon, 1961).
Hummell (2006) provided a six-step process for viewing a familiar object from a
different point of view in science education: (1) the teacher defines or describes the topic or
problem (e.g., “ Build a bridge from unusual materials to hold the most weight possible”); (2)
students write down and develop direct analogies (e.g., “ How is a bridge like a house?”); (3)
students formulate personal analogies (e.g., “How would you feel if you were a bridge?”); (4)
students explore compressed conflicts and form an oxymoron (e.g., “How is a bridge both
awkward and well-coordinated?”); (5) students develop new direct analogies; and (6) students
reexamine the original problem (e.g., using toothpicks to create a bridge that can hold the most
weight). To make unfamiliar topics become familiar, teachers can conduct a similar procedure
(Hummel, 2006).
By using this six-step procedure model in science classes, studies from Patil (2012) and
Yousefi (2014) showed that students in the experimental group gained higher creativity scores
than their counterparts who received traditional instruction. Similarly, in Kaplan and Ercan’s
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(2011) study, after students applied synectics thinking techniques in their science and technology
class, they developed better attitudes towards creativity. In addition, the synectics thinking
techniques not only improved the development of creative-thinking ability but also improved
students’ science achievement (Paltasingh, 2008). These experimental findings suggest that the
synectics thinking technique could be an effective tool adopted by teachers to foster creative
thinking and problem solving in science education.
Janusian. Janusian was first proposed when researchers tried to investigate the mental
processes of creative scientists (Greenberg, 1979; Rothenberg, 1996; Rothenberg & Hausman,
1976). Researchers attempted to apply those scientific processes to educational settings in order
to foster creativity (Aktamis & Ergin, 2008; Sak & Oz, 2010). By interviewing twenty-two
Nobel winners and investigating the outstanding scientists of the past, Rothenberg (1996)
proposed the Janusian process, a type of creative thinking process of “conceiving multiple
opposites simultaneously – of concepts, objects or theories” (p. 207). The term Janusian is
derived from the Roman god Janus, whose two faces look into opposite directions
simultaneously. Rothenberg contended that the Janusian process is different in both structure
and function from the divergent process described by Guilford (1967). The divergent thinking
process formulates a creative idea from generating lots of ideas; the Janusian approach is to
generate the best idea by making links between two remote ideas that previously did not seem
linkable. During the Janusian process, opposite ideas or propositions are intentionally identified,
and then these opposites are put simultaneously together to form new concepts that reflect
paradoxes. This thinking process is very enlightening and offers a lot of insights (Rothenberg,
1982). According to Rothenberg (1996), the Janusian process involves four phases: 1) motivation
to create; 2) deviation or separation from the usual the accepted canons and procedures; 3)
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simultaneous opposition or antithesis; 4) construction of the theory, discovery, or experiment.
Based on the framework of the Janusian process, Sake and Oz (2010) developed a model to
enhance creative thinking in language arts education. They found that students’ creative
performance significantly improved with poems and story tasks.
Janusian thinking has been found to lead to breakthrough scientific conceptions, theories,
and discoveries. It has been used by famous scientists, including Albert Einstein, Charles
Darwin, Niels Bohr, and James Watson (Rothenberg, 2004). For example, Albert Einstein’s
conception of the simultaneous convergence of both motion and rest at the same time (e.g., a
man falling at a state of rest) provided him with a physical model that led to a new conception of
gravity (equivalence) in the general theory of relativity (Rothenberg, 2014). In Rothenberg’s
(1982) study of Janusian techniques, he interviewed Nobel laureates in different fields of science
(Chemistry, Physics, and Physiology or Medicine) and found that they thought multiple
opposites or antitheses simultaneously to create ideas. Along with each interview, twelve of the
Nobel laureate subjects took the Kent-Rosanoff Word Association Test, a tool to measure
Janusian thinking. Exceptionally high scores in Janusian were reported by creative subjects
(highest by Nobel laureates, next by high-creative students) in comparison with the low-creative
students and high-IQ psychiatric patient groups. Moreover, the Nobel laureates and high-creative
students presented significantly faster opposite responses than the other groups.
There are not many studies reporting the use of the Janusian process for enhancing
children’s scientific creativity. Sake and Oz’s study (2010) and Kao’s (2006) study are only two
empirical studies that I could find which applied Janusian thinking in education. They are all in
the language field.
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Though there is not much empirical research on using Janusian thinking techniques
specifically in science education, many educators suggest that Janusian thinking should be
introduced to the curriculum, teaching students with a strong interest in science, technology, and
mathematics (Fleiss, 2005).
Six Thinking Hats. In the early 1980’s Dr. Edward de Bono developed a lateral thinking
method of Six Thinking Hats. This technique promotes diversity of thought by using different
types of thinking during discussion. It makes creative thinking part of ordinary thinking (de
Bono, 1988). Thinkers can switch from one metaphorical “hat” to another, representing a
different mindset in a playful manner (Zhou, 2012).
The hats with different colors represent six facets of the thinking process: The white hat
represents facts, figures, and information. It directs the thinker to look at the facts and truths. The
red hat is associated with intuition, feelings, and emotion. It allows the thinker to infuse his or
her feelings into the discussion. The black hat represents negative judgment and caution. The
thinker should logically point out the errors and suggestions. The yellow hat involves positive
evaluation. It can be used in the logical endorsement of values and in generating concrete
suggestions. The green hat represents creative thoughts. It helps to seek alternatives,
provocations, new ideas, and changes. The blue hat is the overview or process control hat. It is
concerned with metacognition that organizer uses to control the overall thinking process and the
other thinkers to let everyone see the larger picture (de Bono, 1985, 1988; Park & Seung, 2008).
The six thinking hats clear up the confusion when emotions, logic, information, and creativity
simultaneously come to mind. This model allows thinkers to focus on one thinking mode at a
time, which helps them to think more clearly and leads to more creative thinking.
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The six thinking hats technique has been widely used in corporate and school settings and
showed its effectiveness in encouraging creative thinking (Beer & Whitlock, 2009; de Bono,
1988; Gardyasz, 2007; Kaya, 2013; Rizvi, Bilal, Ghaffar, & Asdaque, 2011). The technical
people in the Du Pont Company implemented this thinking model to solve difficult problems
successfully (de Bono, 1988). In school settings, the six thinking hats were taught to nurture
students’ creative-thinking habits. It has benefited students in problem-solving, communication,
leadership, decision-making, and achievement (Rizvi, et al., 2011; Schellens, Keer, Wever, &
Valcke; 2009). Beer and Whitlock (2009) asked pre-undergraduate students to apply the six
thinking hats approach to the debate in life science classes about the issue of using traditional
medicine for the treatment of disease. Researchers stated that de Bono’s thinking hats model was
an effective tool in structuring the debate. Their students reported that they enjoyed these
exercises and they were able to interpret controversial issues from different perspectives.
In another study conducted by Schellens et al. (2009), the six thinking hats were used as a
means to enhance undergraduate students’ critical thinking. Students in the treatment group were
required to label their messages using de Bono’s thinking hats in an online discussion of an
educational science course. In the control condition, students were not required to label their
thinking type reflected in their responses. Researchers found that students in the experimental
group engaged in focused discussion more quickly, explored more novel ideas, and more readily
linked facts and ideas than did students in the control group. The six thinking hats model not
only facilitates students’ discussion but has also been found to increase their science
achievement.
Kaya’s (2013) study aimed to assess the effectiveness of the six thinking hats method on
students’ success in teaching the topic of sustainable development in geography class. The
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results showed that the six thinking hats technique increased achievement scores more than
teaching according to the standard curriculum. When interviewed, students indicated that the six
thinking hats method was fun. It encouraged cooperation, engagement, and the viewing of issues
from different perspectives, all of which led to improved learning results. Overall, the six
thinking hats method could be an effective tool for guiding group discussion by helping students
to spark creativity and organize their thinking into a more manageable process.
Idea checklist (SCAMPER).
The idea checklist was devised by Alex Osborn (1963) to help stimulate creative ideas.
Osborn in his book Applied Imagination outlines 73 idea-spurring questions. Later, Eberle
(1997) modify Osborn’s checklist questions into a creativity workbook for children called
SCAMPER. The SCAMPER is an acronym for a series of thinking processes. Students use this
list of items to form a new insight. The acronym stands for Substitute (e.g., What could be used
instead?), Combine (e.g., What could be added?), Adapt (e.g., How could you readjust this
product to serve another purpose?), Modify (e.g., What might be altered to change the quality?),
Put to another use (e.g., Can you use this product to somewhere else?), Eliminate/Elaborate (e.g.,
What might be removed? What might be detailed?), and Reverse (e.g., What roles could you
reverse or swap?).
It has been found that the SCAMPER technique is effective in stimulating innovative
thinking and academic achievement in science education (Afolabi, 2011; Chulvi, González-Cruz,
Mulet, & Aguilar-Ambrano, 2013; Lai & Wong, 2009; López-Mesa, Mulet, Vidal, & Thompson,
2011; Raviv, 2000; Rule, Baldwin, & Schell, 2009). For example, in Rule et al.’s (2009)
experimental study, second graders were asked to produce “inventions” (including both new
products and product improvements) related to animal adaptations. This task required students to
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build relationships between the characteristics of animal adaptations and product enhancements.
It was found that students who used a SCAMPER chart had a better understanding of forms and
functions of objects and animals, and generated more and higher-quality ideas than the students
in the control group.
This technique is also effective at enhancing inventive thinking abilities in college
students. López-Mesa and colleagues (2011) demonstrated that graduate students in engineering
design classes influenced by SCAMPER questions considered more detailed aspects of solutions
and showed a higher preference for rethinking solution alternatives for future development than
students influenced by images (a stimulus related in shape and function with the designed object
displayed for an interval of time). Lai and Wong’s (2009) used SCAMPER techniques to guide
students in computer video editing. They contend that the SCAMPER checklist was designed for
different parts of the creative process – some of the techniques help to discover attributes of a
problem and some are practical for stimulating idea generation. For example, “put to another
use” may lead to the change of the usage of a video product from recording purpose to teaching
purpose. “Reverse” may lead to actions of rearranging of the events into different orders.
According to their theory, students in computer lessons were allowed to use the SCAMPER
technique randomly and repeatedly as needed.
Some researchers also infused the SCAMPER checklist to foster teachers’ creativity in
designing a science class. After various SCAMPER hands-on activities, science teachers who
were experienced as problem solvers realized their creative potential and renewed their beliefs
regarding how to design innovative classroom activities to foster students’ creativity (Mo &
Cheng, 2001; Park et al., 2006). For instance, Hong Kong teachers in Mo and Cheng’s (2001)
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study elaborated that they never thought there were so many possible designs for one experiment
and that they would like to infuse more creative elements into science teaching.
Open-ended questions. Open-ended questions promote divergent thinking and provide
students more opportunities to think in dynamic ways. They can remove the fear of giving the
wrong and promote risk-taking thought which fosters creativity in content, process, and product
(Hertzog, 1997). Open-ended questions are also considered the most appropriate questions for
assessing creativity (Arney, 1999).
To nurture creativity in science classes, Forbes (2008) asked students to describe the
societal impact of chemical engineering, while the study of Sanz de Acedo Lizarraga et al.
(2010) asked students to think about whatever they learned from the content might be applied
elsewhere. Both studies showed students to have increased creativity after the training program
was implemented. Professors Soonhye Park and Eulsun Seung (2008) proposed a model that can
be used to discuss open-ended problems and issues in science class. The model is named
Agreement, Disagreement, and Irrelevance (ADI). Teachers provide a debated topic that includes
opposite standpoints. For example, a controversial topic could be whether or not a nuclear
power plant should be built in a given community. Students are then asked to do research on this
topic and recognize assertions and claims related to it. They make a list of statements and label
each as “agree,” “disagree,” or “irrelevant.” Statements in the “irrelevant” category are those that
support neither the “agree” nor the “disagree” position. ADI helps to extend science discussions
and permits instruction beyond the classroom.
Real-life problems. The most important goal for creativity training is “to enable students
to improve their ability to deal successfully and creatively with real problems and challenges”
(Treffinger & Isaksen, 2005). Most real-life problems are complex and dimensional.
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Khandwalla (2004) contends that people should be trained to identify multiple causes and facets
of situations and utilize multiple ways of seeking solutions. In science education, educators
should nurture students to acquire this habit by involving them in real-life problem solving and
making their learning more meaningful to them.
In science education, research indicates that real-life problems solving not only facilitates
knowledge transformation and creativity (Jang, 2009) but also encourage students’ intrinsic
motivation (Aktamis & Ergin, 2009; Jang, 2009; Lee & Erdogan, 2007). This is because
problems from their real-life experiences are meaningful to them. After conducting three studies
involving students from elementary school, high school, and college, Hong and Milgram (2010)
concluded that different life experiences may have a stronger influence on domain-specific
creative thinking than on domain-general creative thinking. Thus, one may predict that, in
science education, involving students in real-life problem solving will increase their scientific
creative thinking.
Real-life problem solving is also a measurement technique used to assess creativethinking ability in a specific domain (Charyton, Jagacinski, & Merrill, 2008; Hong, 2013;
Rastogi & Sharma, 2010). According to a review by Hong (2013), the real-life problem solving
item describes a problem scenario that could occur in test respondents’ lives in a specific
domain. It assumes that test respondents have domain knowledge from life experiences. By using
their knowledge, test respondents are able to find creative solutions for the problem in their
immediate life situation. This measure is flexible for various contexts and various ages. For
example, the Creative Engineering Design Assessment (Charyton et al., 2008) was designed to
measure creative-thinking ability in engineering design. It consists of five real-life problems with
five sections each to measure “individual’s ability to formulate and express design ideas through
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sketching, providing descriptions, identifying materials, and identifying problems that the design
solves.” Their creativity scores were evaluated through their originality of ideas, fluency (amount
of ideas), and flexibility (types of ideas).
Creativity Instruction and Academic Achievement
Infusing creativity instruction into the school curriculum can promote the acquisition of
content knowledge and skills development (Beghetto et al., 2015), encourage creative thinking
and problem solving (Treffinger, 2005), and enhance motivation and engagement (Hu, et al.,
2011; Schacter, Thum, & Zifkin, 2006). Creative-thinking techniques that teachers promote in
the creative classroom, such as brainstorming, analogies, metaphor, open-ended questions, reallife problem solving, and higher-order questioning, are essential in building students’
understanding of content knowledge, which may in turn contribute to students’ academic
achievement gains (Boykin & Noguera, 2011; Hattie, 2011). However, there is only a little
research evidence to support the claim that creativity instruction contributes to students’
subsequent academic achievement. The following empirical studies show the relationship
between creativity instruction and academic achievement.
Sternberg, Torff, and Grigorenko (1998) designed a study to examine the learning of
social studies and psychology by third graders and eighth graders respectively. Participants were
assigned to one of the three instructional conditions. The traditional condition emphasized
memory abilities. The critical-thinking condition engaged students in analytical reasoning. The
triarchic-instruction condition focused on activities drawing on analytical, creativity, and
practical skills. Researchers found that students in the triarchic-instruction group out-performed
the other students in terms of performance assessments on analytical, creative, and practical
tasks, and out-performed others on multiple-choice memory tests based on the content they
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learned. The findings suggest that teaching for triarchic-thinking skills not only improved
students’ analytical, creative, and practical performances but also facilitated factual recall which
may increase students’ academic achievement. However, a weakness of the study is that the
intervention did not focus specifically on creative-thinking skills but instruction in three different
skills.
Sternberg’s findings were supported by another study conducted by Blumen-Pardo
(2002). Blumen-Pardo’s (2002) designed an intervention program aimed to nurture students’
creative and cognitive growth. This program taught students comprehension, memory,
evaluation, convergent problem solving, divergent problem solving, and time and stress
management. It consisted of four weekly lessons over 10 weeks with one-hour intervention for
each lesson. Participants were 125 gifted and 106 non-gifted second-grade students. His study
showed that non-gifted students who participated in the intervention program exhibited better
figural-creative performance, cognitive abilities test, and school achievement than non-gifted
students in the control group. The results were consistent with the findings with gifted students.
The non-gifted students seemed to benefit the most, showing increasing growth in creative,
cognitive, and academic performances in the delayed post-tests 10 weeks later after the program.
However, the researcher did not indicate which subject area that students were taught.
Schacter et al.’s (2006) study investigated whether teachers’ creative teaching behaviors
have impacts on students’ reading, language, and mathematics achievement. Participants were 48
elementary teachers. Each teacher was observed on eight different occasions over the course of
the 9-month study. Observation involved five categories – teaching creative-thinking strategies,
opportunities for choice and discovery, intrinsic motivation, environment conducive to creativity,
and imagination and fantasy. Researchers found that teachers’ creative teaching frequency and
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quality scores were highly correlated with teacher productivity (students' academic achievement)
in language, reading and mathematics subjects.
Hu and his colleagues (2011) developed a Learn to Think (LTT) program involving basic
thinking strategy, problem–solving skills and creative-thinking skills training in different subject
domains including science. By random sampling, students in the experimental group attended an
LTT curriculum lesson once every 2 weeks for one-year, while students in the control group
studied by themselves. The study showed that the LTT program had significant positive effects
on students’ thinking abilities and academic achievements in Chinese and math. The researcher
claimed that the LTT influenced students’ thinking abilities through teaching students thinking
methods, laying a solid foundation for the improvement of students’ academic achievements. In
addition, LTT provided an open, democratic, and positive activity learning environment that
allowed students to be more active in obtaining knowledge, applying knowledge, and solving
problems. However, in this study, researchers only used Chinese and math scores for students’
academic achievement. Whether the LTT curriculum had effects on academic achievement on
other subject domains are not clear.
Another study conducted by Sanz De Acedo Lizarraga et al. (2009) demonstrated similar
results to support the relationship between creativity instruction and students’ achievements. In
their study, secondary students received infusing methods that include thinking skills, creativity,
and self-regulation of learning simultaneously along with the school curriculum in science,
language, mathematics, and social sciences. The research showed that the experimental group
students did better performances on thinking skills, creativity, self-regulation, transferring
knowledge, and overall academic achievement in the four subject areas they were taught. Since
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academic achievement scores in each discipline were not assessed separately, it is unclear about
how students performed in each specific domain.
The above-mentioned studies provide evidence that a relationship exists between
creativity instruction and students’ academic performance. However, some issues still remain
unclear. For example, intervention in some of the studies above involved different thinking
methods in one instructional condition, such as cognitive-thinking skills, creative-thinking skills,
and motivation management skills. To what extent students’ academic achievement increased
from the component that taught creative thinking is unknown. Besides, more evidence to support
how creativity instruction affects students’ academic achievement in the specific domain they
learned is needed.
In science subject domains, research that considers the effect of creative science
instruction on science achievement is rare. The current study examined whether the creativity
instructional model increased students’ creative-thinking ability as well as their academic
performance in science.
3eT Instructional Model
The current study used the 3eT instructional model for creativity in science instruction
designed by Hong (Hong, 2012a; Hong, et al., 2013). The model used a modified 5E science
instructional model (Bybee et al., 2006) and infused creative thinking throughout the instruction.
The following presents a brief review of the 5E instructional model and a brief description of
3eT instructional model.
The 5E Model for Science Instruction
The 5E instructional model was developed by Biological Sciences Curriculum Study
(BSCS) in 1987 as a learning cycle model to be used in the Science for Life and Living
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curriculum (Bybee & Landes, 1990). The model was guided by constructivist learning principles,
aiming to facilitate the process of conceptual change. According to Bybee (1997), it has been
modified several times to include 3E, 4E, and 7E versions.
The final version of the 5E instructional model consisted of five phases: Engagement,
Exploration, Explanation, Elaboration, and Evaluation (Bybee, et al., 2006). The Engagement
phase was designed to assess students’ prior knowledge, present new concepts with new
information, placing the learner in a state of disequilibrium. The Exploration stage is to facilitate
conceptual change through participating activities. Learners may complete lab experiments that
help them use prior knowledge to generate new ideas, questions, and hypotheses. The teacher, as
a facilitator or coach, initiates activities and guides students’ investigations of objects, materials,
and situations that are based on each student’s own ideas of the phenomenon. During the
Explanation phase, students focus on explaining their understanding of the new concepts,
processes, or skills. The teacher directs students’ attention to specific aspects of the engagement
and exploration and guides them toward a deeper understanding. Next, in the Elaboration phase,
teacher challenge students’ conceptual understanding and skills, encouraging a broader
understanding and cognitive engagement of the students. Students apply their learned knowledge
in additional activities. Finally, the evaluation phase encourages students to assess their
understanding. The teacher completes a formal evaluation of his/her students and provides
feedback to them.
The 5E instructional model has been shown to provide effective learning in science
instruction. The 5E learning cycle improved students’ conceptual understanding (Bybee, 2009;
Liu, Peng, Wu, & Lin, 2009; Tural, Akdeniz, & Alev, 2010), produced higher achievement in
science (Guzel, 2016; Renner, Abraham & Birnie, 1988; Sen & Oskay, 2017), enhanced superior
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process skills (Campbell, 2006; Looi, et al., 2015), developed scientific reasoning thinking
abilities (Cepni, Sahin, & Ipek, 2010; Gerber, Cavallo, & Marek, 2001) , and improved attitudes
towards science (Guzel, 2016; Liu, et al., 2009; Saglam, 2006; Wilson, Taylor, Kowalski, &
Carlson, 2010). For example, in a study of a fourth-grade science class in Taiwan, Liu and his
colleagues (2009) found that the 5E learning cycle model combined with mobile computing was
effective in enhancing students’ scientific knowledge and understanding of aquatic plants. The
model improved students’ learning because it provided hands-on experiences that smoothly
transited from indoor inquiries to outdoor inquiries. In addition, students’ motivation levels were
increased. In another study of the 5E instructional model, students made detailed observations,
created hypotheses, recorded data, compared differences, and generated solutions (Looi et al.,
2015). This learning process helped students to develop their inquiry process skills. Furthermore,
the model encouraged the extension of learning to a new situation, which helps students connect
their experience to their daily lives (Looi et al., 2015).
The practical value of the 5E instructional model applied in science education has been
widely recognized. However, whether this model can promote students’ creative thinking has not
been extensively researched. One study conducted by Walia (2012) indicated that students taught
by the 5E instructional model had higher scores on creative ability in mathematics than students
taught by the traditional approach. A recent study indicated that the 5E instructional model
successfully promoted brainstorming in the research-based learning of science concepts
(Campbell, 2006). However, whether the instruction affected students’ creativity was not the
focus of this project. In another study conducted by Arafat (2008), a business course which used
the 5E instructional model found an improvement in students’ scores on creative thinking,
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problem analyzing, and understanding. Tuna and Kacar (2013) also argued that the 5E model can
motivate students to think creatively and complexly in solving problems and difficulties.
The 3eT Model: Infusing Creative Thinking in Science Instruction
The 3eT model developed by Hong (Hong, 2012a; Hong et al., 2013) was based on the
5E science instruction model. The 3eT instructional model includes four stages: Engage,
Explore, Explain, and Transfer, with an emphasis on infusing creative thinking throughout the
instruction. The 3eT model can be utilized in any science topic for the purpose of infusing
creative thinking in science instruction to any grade level. Depending on class hours allowed for
certain science topics, the level of elaboration and the number and depth of creative-thinking
techniques utilized in the development of instructional/learning materials can be flexible (Hong,
2012a).
For the present study, the following is an example of creativity infused science
instruction for Grades 7 or 8 (depending on the curriculum and sequence adopted by particular
schools) on a portion of sound instruction (absorption) based on the 3eT model.
Engage phase. In the Engage phase, the teacher discloses myths about creativity by
having students discuss some statements regarding prevalent misconceptions of creativity. Then
examples of misconceptions will be introduced to students and then students will express their
thoughts about the statements. Then barriers to creativity, different types of creativity (Big-C,
little-c, and mini-c), and the ways to improve their creativity in daily lives will be presented and
discussed. To incorporate prior knowledge and generate greater interest in the learning topic, the
teacher will ask students to share their experience of hearing noises by using the brainstorming
technique. Then the Janusian technique is used to discuss sounds that some people think are
noises but others may think as pleasant. See Chapter 3 for descriptions of these techniques. Next,
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students are introduced to three news articles about noise pollution, do a worksheet, and
participate in a group discussion to achieve new understandings about the concept of noise.
Brainstorming is encouraged in the learning process.
Explore phase. In the Explore phase, students learn sound insulation and sound
absorption by working on two experimental activities. In the first activity, students explore and
discover why sounds heard through empty cups and cotton-ball cups are different. In the second
activity, students explore and determine which materials will absorb sound the best. In this
phase, students propose ways to reduce noise, make their hypothesis, predict the effectiveness of
the testing materials, and record their work in activity sheets.
Explain phase. In the Explaining phase, students fill out activity sheets to explain their
findings and share their findings in a group discussion. They are encouraged to discuss
experimental errors and factors that may affect the results.
Transfer phase. In the final Transfer phase, students apply their learned knowledge to
solve problems in a real-world setting. Students brainstorm noises that they hear in their homes
and solutions to reduce those noise. They will be required to think independently first, and then
share their answers in group discussion.
A number of studies have shown that the 5E inquiry-based instructional model facilitates
students’ understanding of the science concepts, contributes to the development of scientific
processing and reasoning skills, improves their attitude towards science, and therefore may in
turn contribute to students’ academic achievement in science courses (Cepni, et al., 2010; Guzel,
2016; Liu, et al., 2009; Looi, et al., 2015; Renner et al., 1988; Sen & Oskay, 2017; Tural, et al., 2
010; Wilson, et al., 2010).
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Utilizing the 5E inquiry-based model, the 3eT instructional model aimed to deliver
effective learning opportunities for science learning with the creative thinking component as an
additional emphasis. In the 3eT learning cycles, students as active learners propose their
questions, share their opinions, form hypotheses, conduct experiments, explain results, and
transfer learned knowledge in different circumstances. Through the inquiry learning process,
students are able to structure their new knowledge, understand the science concept more deeply,
and apply their knowledge more meaningfully (Alvarado & Herr; 2003; Sen & Oskay, 2017).
Furthermore, the 3eT instructional model adds a component that emphasizes creative
thinking which infuses learning activities that encourage the use of creative thinking during
learning and teaching. The 3eT instruction not only aims to help students increase curiosity to
explore, but encompasses activities that facilitate using creative thinking. Different creative
thinking techniques can be infused into the model depending on students’ needs (see Figure 2).

Figure 2. Variety of creative thinking techniques that are effective to encourage students’
creative-thinking in learning science.
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In the current study, only brainstorming and Janusian techniques were infused for the
following reasons: First, the instructional time was limited. It was not practical to infuse many
creative-thinking techniques at just one instructional unit. Second, of the many creative-thinking
techniques, the brainstorming and Janusian were considered simple to incorporate for the grade
level that was testing in this study. Those two techniques did not require to be taught to the
students in addition to the science topic. Third, the brainstorming and Janusian techniques have
been used in flexible ways in science education and their effects on increasing student’s
scientific creativity (Aktamis & Ergin, 2008; Jang, 2009; Sak & Oz, 2010) and students’
achievement scores (Hu, et al., 2011; Sanz De Acedo Lizarraga et al., 2009; Schacter, et al.,
2006) has been discussed in previous studies. Therefore, this study aimed to investigate whether
the implementation of the 3eT model affected students’ creative-thinking ability and science
achievement.
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CHAPTER 3
METHODOLOGY
The current study was designed to explore whether the 3eT instructional model had
impacts on creative-thinking ability, science achievement, and perceptions about creativity in
Chinese students. This chapter consists of six major sections: (a) research questions, (b)
participants and setting, (c) experimental design, (d) measures, (e) procedures, and (f) data
analysis.
Research Questions
The following questions guided the study. Students in the experimental group received
the 3eT instruction, and students in the control group received traditional instruction on a science
unit.
1. Will the implementation of the 3eT instruction have impacts on students’ perceptions of
creativity? It is predicted that there will be differences in the patterns of student
perceptions between the experimental and control groups after the 3eT intervention.
2. Will the implementation of the 3eT instruction affect students’ creative-thinking ability in
science as measured by fluency, flexibility, and originality?
2.1 It is predicted that the mean fluency score of the experimental group will be higher than
that of the control group.
2.2 It is predicted that the mean flexibility score of the experimental group will be higher
than that of the control group.
2.3 It is predicted that the mean originality score of the experimental group will be higher
than that of the control group.
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3. Will the implementation of the 3eT instruction affect students’ science achievement? It
is predicted that the mean science achievement score of the experimental group will be
higher than that of the control group.
Participants and Setting
Setting
An extra-curriculum program was held in a secondary school in Guangzhou, a
metropolitan city located in southern China. Guangzhou, adjacent to Hong Kong, is the capital
city and a political, economic, and cultural center of Guangdong Province. According to the
national data reported by the National Bureau of Statistics of China (2015), Guangzhou is the
third-largest city in China, after Shanghai and Beijing. Its economic aggregate ranking is third
among Chinese cities. The participants from Guangzhou were considered to be representative of
the population of Chinese students in large cities in China.
Guangzhou is experiencing a new round of education reform related to creativity in
education (Guangzhou Education Bureau, 2011). Creativity is highlighted in the policy
document as shown in the following sentence: “… the reform of graduation exam and secondary
school enrollment should facilitate the development of students’ creative consciousness,
creativity ability, and personal talent” (Guangzhou Education Bureau, 2013). Secondary school
students are encouraged to participate in different competitions that promote students’ creativity
(Guangzhou Education Bureau, 2011). For example, the Guangzhou Adolescents Science &
Technology Innovation Contest has been held for many years, which attracted over 200,000
participants from elementary schools and secondary schools for the 2015 contest (Guangdong
Provincial Association for Science and Technology, 2015). However, instruction models that
promote creative thinking for classroom practice are rare in Guangzhou. In the 2016 Future
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School International Forum held in Guangzhou, educators addressed that the current creativity
instructions still engage in the traditional teaching model and that new pedagogies and curricula
for teaching with and for creativity are needed for classroom teachers (Yu, 2016). Integrating
creative thinking into regular classroom instruction is a way to support creativity in all students.
The current study tackled this issue to bring insights on creativity instruction with students in
Guangzhou.
Participants
Participants were recruited from a middle school in Guangzhou. This school serves
grades seven through twelve, with about 5000 students in 56 classes. Seventh-grade students
from this school participated in the current study. The participating students ranged from 12 to
14 years of age, with an average age of 12.81. The enrollment to program registration was on a
first-come, first-served basis. Students registered for the program through an online class
registration system. A total of 128 students was randomly assigned to either experimental (n =
64) or control (n = 64) conditions. Students in each of the conditions were divided into two
classes with 32 students in each of the classes. The number of 25 to 30 students in each class is
the minimum to achieve robustness of statistic results (e.g., sampling theorem). Because the
values of dependent measures were derived from the results of the frequency outcome of
qualitative questions, standard methods of power analysis were not appropriate. Students who
did not attend any of the lectures and activities during all or part of the intervention in this study
were omitted from the data. Finally, in this study, the control group involved 58 students, and the
experimental group involved 62 students. Students’ demographic information are listed in the
Results section.
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Four science teachers from the same participating school were voluntarily selected for
this study. Teachers who have achieved an intermediate professional qualification level, as was
designated by the Guangzhou Municipal Human Resource and Social Security Bureau, were
selected. None of the teachers were seventh-grade teachers. In this semester, teacher A taught 8th
graders with eight years of teaching experience; teacher B taught 10th graders with two years of
teaching experience, teacher C taught 12th graders with six years of teaching experience, and
teacher D taught 11th graders with three years of teaching experience. The four teachers were
randomly assigned to teach one of the classes. Teacher A and B were assigned to the control
group, and teacher C and D were assigned to the experimental group.
Experimental Design
The current study used the 3eT instructional model and materials developed by Hong
(Hong, 2012a; Hong et al., 2013) for the purpose of integrating creative thinking in science
instruction. The randomized posttest-only control group design was used.
Experimental and Control Groups: Instructional Strategies and Materials
The program consisted of four 40-minute periods over two days for both the experimental
group and the control group, with two periods each day. Students in both groups received
instruction in the first three periods. In the fourth period, all students completed questionnaires
and a quiz on the materials they learned (see below).
The instructional strategies and materials utilized in this study were adopted from Hong’s
(2012a) instructional materials which were developed for an experimental study with 7th and 8th
graders in the U.S. The topic of the instructional unit was noise (Hong et al., 2013). All
PowerPoint presentations, learning materials, and scripted instructions for the teachers were
translated into Chinese and back-translated. Items that show discrepancies between back-

88

translated and original items were subjected to another round of translation and back-translation;
the processes continued until all translated items were considered satisfactorily representing the
original meaning of the materials.
Experimental Group. The 3eT instruction was implemented in the experimental group,
with two creative-thinking techniques, brainstorming and Janusian, embedded in the learning
materials. Materials that were used in each phase are presented in Table 1. Instructional content
and procedure are presented in Table 2 for both the control and experimental groups.
Phase 1: Engage (Part I). In this stage, statements about myths about creativity were
discussed and demystified in order to help students recognized their own misconceptions about
creativity.
First, the teacher had students discuss statements regarding people’s views on creativity.
The first PowerPoint “Creativity - Let’s see what people think!” was presented by the teacher. It
included four statements about misconceptions of creativity. The statements included: “People
are born creative or uncreative,” “Creativity just happens; You don’t have to learn it,”
“Creativity is about arts like music or painting, but not about science,” and “Creative people
work alone rather than work in groups.” Then the teacher provided examples and encouraged
students to express their thought about the statements. Students were expected to realize that
everyone has creative potential, and it was up to them to learn and use creative ability in different
subject areas.
Then, the second PowerPoint “Creativity - How can we improve?” was presented. The
teacher exposed some of the barriers to creativity (e.g., habits, tradition, rules, social
expectations, and conformity pressures) and ways to improve creativity. At this stage, students
were assisted in appreciating the importance of creative people and creative ideas. They also
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Table 1
Materials Used in Each Phase
Period

Phases

Phase 1: Engage (Part I)
Day 1

Period 1
Phase 1: Engage (Part II)

-

Phase 2: Explore (Part I)

Day 1

Period 2

Phase 3: Explain (Part I)

-

Phase 2: Explore (Part II)

Day 2

Period 3

Phase 3: Explain (Part II)

-

Phase 3: Explain (Part III)

-

Phase 4: Transfer

Day 2

Period 4

Questionnaires and Unit
Quiz

-

Materials
PowerPoint 1: “Creativity - Let’s see what
people think!”
PowerPoint 2: “Creativity - How can we
improve?”
PowerPoint 3: “Sound”
PowerPoint 4: “Effects of Sound”
Form A: Source and Effects of Noise
PowerPoint 5: “Reduce noise - How? Let’s
experiment” Experiment
Activity Sheet 1: “Experiments about Sound:
Activity 1”
Activity materials: four paper cups, cotton balls
which will be used to stuff into the cup, and a
timer that produces sound
PowerPoint 6: “Reduce noise - What have you
found?”
Activity Sheet 1: “Experiments about Sound:
Activity 1
PowerPoint 5: “Reduce noise - How? Let’s
experiment” Experiment
Activity Sheet 2: Experiments about Sound:
Activity 2
Activity materials: A timer that produces sound
(noise), 6 paper cups, bubble-wrap, aluminum
foil, and cotton balls.
PowerPoint 6: “Reduce noise - What have you
found?”
Activity Sheet 2: Experiments about Sound:
Activity 2
PowerPoint 6: “Reduce noise - What have you
found?”
Noise Pollution Information Sheet
Decibel Scale Sheet
PowerPoint 7: “Let’s Apply What We’ve Learn
-Real-world examples”
Form B: Noise Pollution in Homes
Student Information Sheet
Perceived Notion of Creativity Questionnaire
Thinking and Imagination: Problem Solving
(TIPS)
Noise Unit Quiz
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learned the different types of creativity. For example, mini-c and little-c refer to creativity in
daily life. Big-C refers to eminent creative achievement. Then, students were encouraged to use
mini-c and little-c to become more creative thinkers.
Phase 1: Engage (Part II). In this phase questions about various noises were posed to
discuss preconceptions of noise and to generate student interest in the topic. The Janusian and
brainstorming techniques were infused in this stage.
The third PowerPoint about “Sound” was presented in class. First, the teacher prompted
students to provide examples of sounds that they think were noises. Examples of questions
included: “Think of sounds that you think are noises” and “Where and when did you hear such
noises?” Noise sources were discussed by using the brainstorming technique with the group first,
then with the whole class afterward. During the group brainstorming, students were grouped in
teams of four. Students were encouraged to share as many examples as possible and not evaluate
others’ ideas. Ideas were shared and recorded in a list by one of the group members. Students
rotated the recording role throughout the class during group discussion. In the meantime, the
teacher encouraged students who were reluctant to participate. Finally, each group shared their
lists with the whole class.
Next, students discussed: “What sounds do you think are noises, but others may think are
pleasant?” which was an example of the creative-thinking approach, Janusian thinking. Students
brainstormed examples in a group discussion and recorded their answers in sheets. The teacher
wrote two sides on the board, one for noisy and one for pleasant sounds. The teacher had each
group present the list in class. Then the teacher led the whole class in a discussion titled: “Why
do some people find a sound annoying while others find the same sound pleasant?” The
questions above served to identify the opposite or antithesis of an element in order to produce
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creative outcomes. Then the teacher led the whole class to summarize what they have learned
about sound and noise. During this learning process, students were expected to develop new
understandings and perspectives about noise.
Next, students discovered the harmful effects of sound. The fourth PowerPoint “Effects
of Sound” was used. News about the harmful effects of noises was presented in three PowerPoint
slides. Examples included “Man-made noise in the world's seas threatens wildlife,” “Traffic
noise linked to high blood pressure,” and “Noise from firecrackers scared chickens to death” (see
Appendix A for examples). After showing the news reports, the whole class discussed how
students would feel if they were exposed to such noises. Then, the teacher handed out the
exercise Form A “Source and Effects of Noise” (see Appendix B) to the students. Based on the
three examples they had discussed, students wrote “source of noise” and “effects of noise” on the
form and a summary of what they have found in this exercise. A brief instruction about using
Form A reminded students to think individually first, then share their ideas with the group.
Next, a summary video about noise pollution was presented. Students thought about the
noise issue and wrote down their thoughts about the video on the back of Form A. After the class
discussion, the teacher summarized what students discussed and learned; that is, noise might
have both harmful and beneficial effects. As in the earlier session of Part II of Phase 1, Janusian
and brainstorming techniques were applied in this session, with the goal of achieving new
understandings about the concept of noises.
After these activities, students were expected to understand that noise can be found
anywhere and noise pollution affects people’s lives in many ways (e.g., emotionally, physically,
and economically). They also learned the extent of the pollution problem of noise. For instance,
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Table 2
Instructional Procedure in the Control Group and in the Experimental Group
Period

Control Group
Teaching & Learning activities
Topic: Sources of noise

Period 1

- Students hear two types of sound (music and
traffic noises), report their feelings, and
identify which sound is noise.
- Students list examples of noise around the
campus and their homes.
- Find out more sources of noise in daily
lives.
-Teacher introduces the concept of decibel (dB)
- Students read “Noise Pollution Information
Sheet” and “Decibel Scale Sheet.”
- Students experience examples of different
levels of sounds with different distances
- Teacher explains and summarizes teaching
contents
Topic: Effects of noise
- Students read three pieces of news reports
about the effect of noises.
- Students answer questions about sources of

Period 2

noise, their effects on people’s lives, and how
they feel when they were exposed to such
noises.
- Students watch three videos about noise
pollution.
- Fill out Form A “Source and Effects of
Noise.”
- discuss issues about noise pollution.

Experimental Group
Phases
Teaching & Learning activities
Topic: Understand and appreciate creativity
Phase 1: Engage
- Discuss misconceptions about creativity.
(Part I)
- Identify types of creativity, barriers to creativity,
（15min）
and ways to improve creativity.
Topic: Sources of noise
- Students provide examples of noises.
- Discuss why some people find a noise pleasant and
others do not.
Phase 1: Engage Topic: Effects of noise
- Read three pieces of news reports about noise.
(Part II)
- Fill out Form A “Source and Effects of Noise.”
（25 min）
- Watch a summary video about noise pollution
- Discuss and understand noise may have both
harmful and beneficial effects.
Topic: Reduce noise -- Experimental activity 1
- Think of ways to reduce noise
Phase 2:
Explore (Part I) - Experimental activity 1 (sounds heard through
empty cups and cotton-ball cups).
- Student write down their reasons after the
experiment (Why sound travels differently through
different things?)
Phase 3: Explain - Concepts of sound insulation and sound
(Part I)
absorption are introduced by the teacher.
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Topic: Reduce noise
- The teacher presents some examples of how

Period 3

Period 4

people reduce noise.
- The teacher introduces and explains the
concepts of sound insulation and sound
absorption.
- The teacher presents an experiment to
students by wrapping a sound timer with
different materials (e.g., bubble-wrap,
aluminum foil, and cotton balls).
- Students answer teacher’s questions and
make conclusions.
- Students provide their solutions to reduce
noise.

Topic: Reduce noise- Experimental activity 2
- Experimental activity 2 (test which materials
Phase 2:
absorb sound the best).
Explore (Part II)
- Students make hypothesis – rank the effectiveness
of the materials.
- Students write down the characteristics of the
materials and rearrange the order of the materials.
Phase 3: Explain
- Conclusions are made by students.
(Part II)
- Students discuss experimental errors and factors
that may affect the results.
Topic: “Reduce noise - What have you found?”
Phase 3: Explain
- Student read “Noise Pollution Information Sheet”
(Part III)
And “Decibel Scale Sheet”
- Students brainstorm about noises that they hear in
Phase 4:
their homes and formulate solutions for noise
Transfer
reduction.
- Fill out “Form B: Noise Pollution in Homes.”

Complete Questionnaires and Unit Quiz

Complete Questionnaires and Unit Quiz
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traffic, machinery, humans, animals, and many other sources of noise may contribute to noise
pollution. In addition, they realized that noise can be harmful and beneficial to people.
Phase 2: Explore (Part I). The teacher presented the fifth PowerPoint and asked the
students to think of different ways to reduce noise. Janusian and brainstorming techniques were
infused into the instruction to spark students’ creative thinking. Ideas were recorded by group
members and shared in class. After the discussion, the teacher summarized the students’ ideas.
Then, the teacher demonstrated two experimental activities about reducing noise. In the
first activities, students discovered and explored why the sounds heard through empty cups and
cotton-ball cups were different by using those cups as simple ear protectors. Students followed
the activity sheet (see Appendix C, “Experiments about Sound: Activity 1”) and conducted a
group experiment. Activity materials included four paper cups, cotton balls which were used to
stuff a cup, and a timer that produced sound. While student A turned the timer on, student B
placed the empty cups over his/her ears and paid attention to the sound of the timer. Next,
student B placed the cotton cups over his/her ears to compare the sound. Student B wrote down
what he/she noticed about the sound. Then, students A and B rotated their roles.
Phase 3: Explain (Part I). After all students completed the experiment, they wrote down
their reasons for the difference in the sound on the activity sheet. Students shared their answers
in group discussion and wrote down the reasons their group had agreed on. In this activity,
students were expected to learn that sound travels differently through different things; sound
travels better through solids or hard materials than through the air or soft materials. Then, the
concepts of sound insulation and sound absorption were introduced by the teacher.
Phase 2: Explore (Part II). The second activity explored what physical characteristics of
the test materials tended to reduce noise (see Appendix D “Experiments about Sound: Activity
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2”). Activity materials in each of the groups includeda timer that produces sound (noise), 6 paper
cups, bubble-wrap, aluminum foil, and cotton balls. Students predicted which of the available
materials (bubble-wrap, aluminum foil, and cotton balls) would absorb sound the best, the
second, and the third, by looking at and feeling the materials. They wrote the reason for their
rank orders. Next, students took turns to stuff different materials in the cups as the ear protectors
and explored their effects on sound reduction.
Phase 3: Explain (Part II). In this stage, students explained and interpreted their
findings. After collecting their data, students rearranged the order of the effectiveness of the
materials on the activity sheet. Characteristics of the materials were described and final
conclusions were made by students. Students shared their findings in group discussion. They
were encouraged to discuss experimental errors and factors that may affect the results.
Phase 3: Explain (Part III). Next, the teacher introduced the unit of measurement known
as decibels (dB), along with the “Noise Pollution Information” (see Appendix E) and a diagram
on “Decibel Scale” (see Appendix F) depicting examples of the relative decibel levels of
commonly heard noises. Students understood that loud sound can damage people’s ears. A
picture of foam rubber, sound-proof room, and home insulation materials were presented in the
PowerPoint. Students explained why foam rubber was often used for sound-proofing.
Phase 4: Transfer. In this phase, students applied their learned knowledge to areal-world
setting. Following the seventh PowerPoint “Let’s apply what we’ve learned!” students
brainstormed about noises that they hear in their homes and formulate solutions for noise
reduction. Students were encouraged to provide as many solutions as possible to control noises.
Students identified noise in homes and describe ways to reduce noise on “Form B: Noise
Pollution in Homes” (see Appendix G). Students were required to think individually first, then
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presented all of their solutions in groups later. Students also wrote what they had found from
these exercises. For example, students learned that carpets, curtains, and soft furnishings can
absorb sound and lessen sound effects or prevent sound from passing through and reach people’s
ears.
Control group. Students in the control group received traditional instruction on the
same topic as they would have in their regular classroom. The teacher asked students to listen to
the teacher’s presentations, think about the questions, and answer the questions after raising their
hands. The teacher illustrated content knowledge and generated conclusions for students.
Creative-thinking techniques were not infused during instruction.
In the first period, the teacher led students to find sources of noise. The teacher presented
two pieces of instrumental music and the sound of traffic noise. Students reported their feeling of
hearing those sounds and identified which sound was noise. Then, students provided examples of
noise and described their feelings when they heard those noises. Next, students listed examples
of noise around them on campus and provided solutions to reduce the noise. Students found out
more sources of noise in their daily lives. Then, the teacher introduced the concept of decibel
(dB), the unit of measuring sound. The “Noise Pollution Information” (see Appendix E) and the
“Decibel Scale” (see Appendix F) were distributed to the students. Students experienced
different levels of sound examples with different distances, for example, rustling paper,
whispering, normal chatting, loud speaking, and clapping. Students understood that humans can
typically hear sounds down to about 0 dB, and sounds that reach more than 85 dB can be
dangerous. The teacher provided a summarization for the students.
In the second period, students discovered the effects of noise. Three news reports about
the effects of noise were presented in the PowerPoint slides, which were the same materials that
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were used in the experimental group (see Appendix B). Students answered questions about
sources of noise, their effects on people’s lives, and how they feel when they were exposed to
such noises.
In the third period, students found out about the ways to reduce noise. First, the teacher
presented some examples of how people reduce noise, for example, ear protectors, a car muffler,
and acoustic cotton panels in a studio. Next, the teacher introduced and explained the concepts of
sound insulation and sound absorption. Then the teacher presented an experiment to students by
wrapping a sound timer with different materials (e.g., bubble-wrap, aluminum foil, and cotton
balls). Students understand that different materials have different effects of absorbing sounds.
Then, students provided their own solutions to reduce noise with different materials.
Measures
Instruments that were used in this study include a questionnaire on students’ perceptions
of creativity, a questionnaire for creative problem solving, and a quiz for testing students’
science achievement on noises they learned. Details related to these instruments are presented in
this section.
Perceived Notion of Creativity Questionnaire (Hong, 2012b)
The instrument (see Appendix H) used in this study was designed to understand students’
perceptions of creativity. Students answered the question, “How can you tell someone is
creative? Write all you can think of.” The questionnaire instruction reminds students that there
are no right or wrong answers and researchers simply want to know students’ views. Students
had five minutes to complete this questionnaire.
Thinking and Imagination: Problem Solving (TIPS)
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Thinking and Imagination: Problem Solving (TIPS) (see Appendix I, Hong & Peng,
2013) was used to measure creative-thinking ability in a specific domain. This measure was
developed based on Creative Real-Life Problem Solving (Hong, 2013). Hong and Milgram
(2010) reported that the internal consistencies of the CRLPS in their three studies ranged from
0.65 to 0.83. In their paper, three structural equation models indicate that the convergent validity
of the CRLPS is high and discriminant validity is adequate between general creativity thinking
and specific creativity thinking. Similar instruments (Charyton et al., 2008; Rastogi & Sharma,
2010; Reiter-Palmon, Illies, Cross, Buboltz, & Nimps, 2009) have been used to measure real-life
problem solving. The TIPS used in this study is a context-specific measure. The items developed
for the TIPS were created in a science context based on modern social life in China. Each item
describes a problem situation that may arise in participants’ lives (Hong, 2013). Participants
were asked to generate as many solutions as they can to solve the presented real-life problems.
There were three items in the TIPS: noise pollution (TIPS1), planet Earth conference
(TIPS2), and air conditioning (TIPS3). The first problem begins with a scenario of assuming that
the student’s “home is located in an area where street traffic is very heavy,” that the traffic noises
affect his/her sleeping and distract his/her concentration while doing homework. The question
for students is, “Think of ways to reduce the traffic noise, so you can focus on working on
important projects that require concentration. List as many ways as you can.” The second item
begins with a scenario, “Suppose you are a member of an organization that finds problems and
issues involving living things on planet Earth. It was announced that noise will be a topic to be
discussed at the next meeting. All members will bring any and all possible questions that have to
do with noise.” The third item is a transfer item, which is not related to the context of noise. It
begins with a scenario, “It was unusually hot last summer in the city of XYZ. No homes in this
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city have air conditioning, as the weather has never been so hot. Anticipating another hot
summer next year… What can people in this city do to cool their homes? ” Students were asked
to “bring as many questions as you [they] can to the meeting and list all answers they can think
of.” Students had fifteen minutes to complete this questionnaire.
This instrument was used to measure students’ creative-thinking ability in (a) fluency (total
number of responses); (b) flexibility (total number of different categories); and (c) originality.
The frequency of a student’s solutions was the score for fluency. Then, students’ responses were
categorized to elicit themes from the entire sample. A category was assigned to each solution.
The number of different categories was counted for the flexibility score for each student. The
originality of the solution was rated by expert raters, utilizing holistic rating (Amabile, 1982;
Baer, Kaufman, & Gentile, 2004; Hong, Peng, O’Neil, & Wu, 2013; Kaufman, Lee, Baer, & Lee,
2007; Silvia, Martin, & Nusbaum, 2009).
Originality is based on uniqueness and rated on a 9-point scale with 1 (not at all original)
through 9 (extremely original). In the TIPS, scores of fluency, flexibility, and originality are not
intended to be orthogonal. However, although correlations between some subscales are high,
they are not perfect (Runco, 2010). In a recent study, Hong, O’Neil, and Peng (2016) used a
similar creative problem-solving instrument in students’ homework to examine students’
creative-thinking ability. Students were asked to “think of ways to create a comfortable living
environment.” Their research indicated that the fluency and flexibility scores had a strong
positive relationship (r = .74). However, the correlations of originality with fluency (r = .29) and
flexibility (r = .21) were weak. Moreover, Runco’s (1986) study also demonstrated that explicit
instructions to help participants to be creative (see Hong et al., 2016) led to original thinking in a
divergent thinking test but did not lead to high fluency scores. However, standard instructions
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produced high correlations among the three indices. Runco (2010) suggests that the three indices
should be used and examined together as a kind of profile to provide more information to
educators who need to interpret the test score. In the current study, the differences among three
dependent variables (fluency, flexibility, and originality) between the control group and the
experimental group were tested.
A researcher and a college lecturer rated and coded students’ responses. They were both
familiar with Chinese culture and education. Students’ responses were typed and transformed
into two electronic data files for each of the items. A student research ID was assigned to each
student and their names did not appear in the data files. Interrater agreements were computed to
assess the consistency between their codings. Those items that did not demonstrate consistent
ratings between the two raters were discussed further to reach an agreement. After discussion
and further exercise on category and subcategory elicitation, the researcher and the college
lecturer rated students’ flexibility and originality, reaching a consensus when differences emerge.
Noise Unit Quiz
This instrument (see Appendix J) was used to test students’ science academic achievement.
Questions in the quiz were selected from the Chinese Eighth Grade Physics Workbook (2011) of
the learning unit of noise. The quiz included four fill-in-the-blanks questions, ten multiple-choice
questions (seven items from the original quiz and three items were newly added items that
aligned with the instruction), and two open-ended questions. Students had twenty minutes to
complete this questionnaire.
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Procedure
Research Approval
Approval to conduct the research was acquired from the University of Nevada, Las Vegas
(UNLV) Institutional Review Board (IRB) and from the principal of the participating school.
After the approvals had been obtained, the researcher began to recruit participating students and
teachers.
Recruitment
Flyers announcing the science program were delivered to the secondary school in
Guangzhou. Science teachers and homeroom teachers announced the registration information to
their students. Registration was first come, first served.
In order to ensure at least 120 students, this program enrolled 128 students in total in case
some of the students drop the program before it begins. When the researcher received the list of
registrants with their registration time, the first 128 students were included in the pool for
random assignment to four groups, two for the treatment-group classes and two for the controlgroup classes. Each class consisted of 32 students. Selected students were notified about their
classroom by their homeroom teachers three days before the program began. Students’ and
parents’ informed consent forms (see Appendix K and Appendix L) were sent to the participants
by their homeroom teachers. Each participating student received an 8GB USB flash drive and a
Certificate of Participation of the program as gifts after the program was completed.
Science teachers from this school who were interested in participating in this research as
instructors signed up for the program in March 2017. They filled out a teacher information form
and report what grade they taught in the semester, how many years they had been a teacher,
which science subjects they taught, and their professional qualifications. The researcher and the
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school’s principal selected four teachers with similar backgrounds and with an available schedule
for this study.
Training of Participating Teachers
The four participating teachers received two-hour instructional training at the beginning
of April when the researcher arrived in Guangzhou. The training was provided separately for
teachers teaching experimental groups and for teachers teaching control groups.
The training session began with a brief overview of the purpose of the study. Each of the
teachers received a folder which included PowerPoint presentations, activity forms, teacher’s
scripts, and questionnaire procedures. Next, lesson procedure and instructional content were
described by the researcher. The researcher went through all the instructional steps and
demonstrated experiments in front of the teachers. The researcher explained data collection
procedures and described teachers’ role during data collection. Teachers would not have the
questionnaires and quiz until the last day of the program. Teachers were informed that teachers
and students were assured of confidentiality and anonymity. Finally, a question and answer
session regarding the program and research procedure were provided.
After the data had been collected, a college lecturer with a statistics background was
invited as a rater and received coding instruction provided by the researcher.
Experimental Procedure
Two instructors used the 3eT instructional model in two classes over the course for two
days. Meanwhile, the other two instructors provided traditional instruction on the same topic for
students in the other two classes. Experimental procedures are described in the following section.
Period 1. All students met in the afternoon in the designated classrooms and received a
period of science instruction which lasted 40 minutes. The instruction for the treatment group
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and the control group started at the same time. The experiment lasted two days over two
consecutive weeks, the two periods went from 4:00 p.m. to 5:30 p.m., with a break of 10 minutes
in between the two periods. Instruction times in two days were the same for all classes.
In the first period, students’ and parents’ signed consent forms were collected. All
students received a notebook as an incentive gift before the instruction begins. The experimental
group received phase 1: Engage (Part I) instruction which aimed to help students understand
creativity. The control group received traditional instruction about finding the sources of noise.
Period 2. In the second period, Phase 1: Engage (Part II), Phase 2: Explore (Part I), and
Phase 3: Explain (Part I) were implemented (see above Table 2). Students in the control group
studied the effects of noise and noise pollution.
Period 3. Students in the experimental group received instructions of Phase 2: Explore
(Part II), Phase 3: Explain (Part II), Phase 3: Explain (Part III), and Phase 4: Transfer. Control
group students received the instruction on finding ways to reduce noise.
Period 4. In the last instructional period, all students completed a student information
sheet (see Appendix M), two questionnaires, and one quiz: the Perceived Notion of Creativity
Questionnaire, the Thinking and Imagination: Problem Solving (TIPS), and the Noise Unit Quiz.
The participating science teachers informed students of the purpose and the allowed time for
each questionnaire and quiz.
Exploratory Interviews
After the fourth instructional period, two teachers and six students from the experimental
group were randomly selected for individual interviews for exploratory purposes. The interview
questions were “What do you think of the program?” and “What do you think should be done
better to promote students’ creative thinking in this program?” All interviews were conducted
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face-to-face by the researcher and audio-recorded. Teachers’ interviews were held in their
classrooms just after the experiment was completed. Students were interviewed on the next day
during recess time in the school office. Content analysis was conducted for interview data.
Categories were created from verbs and phrases.
Roles of the Researcher
During the training program, the researcher served several roles. First, the researcher was
a project coordinator. She set up a schedule, prepared learning materials, and arranged the
classroom setting. Second, the researcher was an instruction and data coding trainer. She
provided training for four participating teachers who taught the curriculum unit and provided
instruction for the college lecturer who coded the data. Third, the researcher was also an
observer, monitoring the instruction for the four classes during the instruction. Forth, the
researcher was an interviewer, who conducted exploratory interviews for selected students and
teachers in the experimental group.
Data Analysis
Research Question 1
Qualitative data from the Perceived Notion of Creativity Questionnaire were analyzed to
examine the question, “Will the implementation of 3eT instruction have impacts on students’
perceptions of creativity?” Patterns were elicited using the content analysis method (Weber,
1990) and compared between the experimental and control groups. Content analysis is a thematic
approach, which enables researchers to classify many words of the text into fewer content
categories in order to identify themes and patterns in the data (Krippendoff, 2004; Weber, 1990).
The data analysis procedure in the current study was guided by the coding and recoding schemes
(Krippendoff, 2004; Weber, 1990).
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Students’ narrative responses to the open-ended questions in the questionnaires were
translated into English. Categories were elicited from participants' responses by using the
following procedure (Hong et al., 2000; Krippendoff, 2004; Weber, 1990): First, all responses
were listed and compiled into a computer file. Second, words, sentences, and themes were
chosen as the coding units. Each response was judged and tentatively labeled. Third, the tentative
labels were inspected to determine if there were common categories and subcategories that could
be elicited. Fourth, all participants' responses were mapped onto the tentative categories, and
then categories were inspected for further revision. In this stage, a tentative set of dimensions
were discussed and modified as needed by the coder and professional colleagues. Fifth, after the
categories were formed, each participant's responses were re-evaluated to map them onto the
proper category, and each participant's statements were reorganized according to the categories
identified. During the re-evaluation process, the researcher ensured the categories were clear and
not overlapping with one another, and sub-categories were relevant under each dimension.
Data was interpreted by nonparametric techniques such as Chi-square test of
independence and the Fisher’s exact test. Chi-square independence tests were performed to
analyze the statistical significance between the proportions of the categorial variables related to
the group variables, with p < .05 considered significant. Fisher’s exact tests were employed when
any of the expected frequencies in the two by two contingency table was less than or equal to 5.
When the Fisher’s exact tests were applied, two-sided mid-p values were used in order to
improve the statistical power of the test, because the method of using the unadjusted p values is
too conservative (Agresti, 2002). Cohen’s h and Phi coefficient (ϕ) were also calculated to
determine the degrees of effect. According to Cohen (1988), h and Phi (ϕ) values less than 0.02,
between 0.2 and 0.5, between 0.5 to 0.8, and 0.8 or greater are indicative of a trivial, small,
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moderate, and large effect size, respectively. The Odds Ratio (OR) for each category was
calculated by comparing the frequency of occurrence of mentioning a concept with the frequency
of occurrence of failure of mentioning a concept.
Research Question 2
Quantitative data collected from the TIPS was analyzed to examine Research Question 2
and its sub-questions. Quantitative data were analyzed using the Statistical Package for Social
Service (SPSS) 23.0 software program. Descriptive statistical analyses were conducted in order
to capture participants’ demographic characteristics and the nature of the scores obtained from
the TIPS questionnaires. Inferential statistics then was used to compare the different levels of
creative-thinking ability between the experimental group and the control group.
As described in the previous section, students’ responses to the TIPS were coded into
three scores: fluency, flexibility, and originality. Correlations between two raters on originality
scores were .84, .86, and .88 on item 1 (TIPS1), item 2 (TIPS2), and item 3 (TIPS3),
respectively. Reliability estimates were computed using Cronbach’s coefficient alpha for
originality scores given by two raters. They were .93, .92, and .93 on TIPS1, TIPS2, and TIPS3,
respectively. Students’ originality scores were computed by the originality mean scores of
scores given by two raters. Data screening was conducted separately for the experimental group
and the control group on three TIPS questionnaires respectively. Skewness and kurtosis,
univariate outliers, and multivariate outliers (Mahalanobis distance) were examined. In TIPS1,
two outliers from the control group were found and removed from the database (N=118). In
TIPS2, two outliers from the experimental group were detected and removed (N=118). In TIPS3,
two outliers from the experimental group were identified and deleted (N=118). Assumptions
were met after removing outliers.
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To examine research questions, a multivariate analysis of variance (MANOVA) was
performed with one independent variable (experimental group and control group) and three
dependent variables (fluency, flexibility, and originality). The ability to observe multiple related
dependent variables as a whole is imperative in the current study, because the research questions
aimed to look at the overall level of creative ability without losing the interconnectedness of
related concepts within the construct of creative ability (fluency, flexibility, and originality),
while capturing the differences among the three measures of creative ability.
Assumptions of MANOVA were tested, including normality, linearity, homogeneity of
variances, homogeneity of variance and covariance, and singularity and multicollinearity. The
Wilks’ Lambda criterion was applied. The MANOVA was used to examine the group effect on
the combined dependent variable (creative ability), followed by univariate ANOVA for each
dependent variable. Means, standard deviations, F ratios, degrees of freedom, p-values, and
effect sizes are reported in the next chapter, along with correlations among the three dependent
variables in TIPS1, TIPS2, and TIPS3.
Research Question 3
An analysis of variance (ANOVA) was used to examine whether the means of science
achievement scores were statistically different between the experimental group and the control
group. Since the original quiz was selected from the Chinese Eighth Grade Physics Workbook
(2011), an item-level analysis was conducted to determine items that were not aligned with the
current instructional content. Two items did not have their content that was taught in the
program. Three items were added related to the instruction specifically. Therefore, two analyses
were performed separately, one with all original items, and one with new items and original
items with deleted items which were not aligned with the instructional content.

108

Assumptions of normality and homogeneity of variance were met. No outliers were
found in each group. Means, standard deviations, F ratios, degrees of freedom, pvalues, and
effect sizes are reported in the Results section.
Possible Threats to Internal and External Validity and Remediation
The goals of conducting research are to draw valid conclusions about the effects of
independent variables on the outcome and to make valid generalizations back to the population
(Kirk, 2012). Of the threats to validity discussed widely (Campbell & Stanley, 1963; Shadish,
Cook, & Campbell, 2002) threats to internal validity and external validity are illustrated as they
are relevant to the current experimental study. In this section, solutions to mitigate internal and
external validity in the current experiment are discussed.
Potential Threats to Internal Validity
The most common threats to internal validity include: (a) history, (b) maturation, (c)
testing, (d) instrumentation, (e) statistical regression, (f) selection of subjects, (g) experimental
mortality, and (h) interactions with selection. In this study, a randomized posttest-only control
group design was used. As students were randomly assigned to the experimental or the control
groups, the groups were considered equivalent. That is, most threats to internal validity, such as
history during the intervention, influences of testing, and selection of subjects, were addressed.
However, mortality threat to internal validity may occur if the study undergoes
differential losses of participants across groups. In order to minimize mortality threats, this
program accepted 128 students in order to ensure at least 120 students in the sample population.
Potential Threats to External Validity
Threats to external validity mainly come from four sources: (a) reactive and interaction
effect of testing, (b) interaction effects of selection biases and the experimental variable, (c)

109

interaction effects of experimental arrangements, and (d) multiple treatment interferences
(Campbell & Stanley, 1963). A few noteworthy limitations should be addressed.
As about 120 seventh-grade students from a school located in a metropolitan area in
China who can and were willing to participate in the science program were research participants,
the generalization of results is restricted to populations that are similar to the context described.
For example, findings may not apply to other settings in less developed cities or rural areas in
China and students in other countries. The same applies to the age level, that is, only seventh
graders participated. These aspects are noted as limitations of the study.
In addition, students may have been aware of the goals and aims of the study when they
responded to the consent form required by IRB. This awareness may have altered their usual
learning behavior. In addition, Chinese students have not been used to signing consent forms
when they participate in research studies in the past. Signing consent forms may bring tension
and anxiety to participating students.
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CHAPTER 4
RESULTS
The purpose of this study was to examine whether the use of the 3eT instructional model
affected students’ creative-thinking ability and their science achievement scores. This study also
examines whether the 3eT instructional model impacted students’ perception of creativity. The
specific research questions are shown in Table 3.
Table 3
Research Questions
Research Question 1

Will the implementation of the 3eT instruction have impacts on
students’ perceptions of creativity?

Research Question 2

Will the implementation of the 3eT instruction affect students’
creative-thinking ability in science as measured by fluency,
flexibility, and originality?

Research Question 3

Will the implementation of the 3eT instruction affect students’
science achievement?

The study results are presented in five sections. First, participating students’ demographic
information, such as gender, age, and parents’ education levels, is presented. Second, to answer
Research Question 1, qualitative results about patterns of students’ perceptions of creativity are
described and compared by groups. Third, quantitative results of descriptive statistics, correlation
analysis, MANOVAs, and univariate post-hoc tests are presented to answer Research Question 2.
Fourth, the results of science achievement differences between groups are presented to answer
Research Question 3. Fifth, an exploratory interview shows teachers’ and students’perceptions of
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the program and their suggestions for improving the program. Finally, the sixth part summarizes
the findings.
Participant Demographics
This study involved 120 seventh graders. The control group involved 58 students, with 20
males and 38 females; and the experimental group involved 62 students, with 28 males and 34
females. Participating students’ ages ranged from 12 to 14 years old, with an average age of
12.78 and a standard deviation of 0.46 for control group students, and an average age of 12.84
and a standard deviation of .41 for experimental group students. Except for over 37% of the
students who did not know or did not report their parents’ educational levels, a majority of the
responding students (34.5% of them in the control group; 32.3% of them in the experimental
group) reported that their fathers had bachelor’s degrees. Similarly, a majority of the responding
students, with 41.4% of them in the control group and 31.9% of them in the experimental group,
reported that their mothers had bachelor’s degrees. Results indicated that a relatively large
proportion of the responding students came from families with parents who had graduated from
college with either a bachelor, master, or doctorate degree. Frequencies and percentages for
student’ demographic information are presented in Table 4.
Findings from the Research Questions
Research Question 1
Will the implementation of the 3eT instruction have impacts on students’
perceptions of creativity? Content analyses of narrative responses from an open-ended question
in the Perceived Notion of Creativity Questionnaire were analyzed to answer Research Question
1. Themes were derived, and patterns were compared between the experimental group and the
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Table 4
Descriptive Statistic for Students’ Demographic Information
Students’ Demographics

Control Group
M
N
%
(SD)

Gender
Male
Female
Total
Age
12
13
14
Average Age

20
38
58

34.5
65.5
100.0

28
34
62

45.2
54.8
100.0

14
43
1

24.1
74.1
1.7

11
50
1

17.7
80.6
1.6

12.78
(0.46)

Father’s Education
Did Not Complete High School
High School/Vocational Secondary
School
Some College
Bachelor’s Degree
Master’s Degree
Advanced Graduate work or Ph.D.
I don’t know
Mother’s Education
Did Not Complete High School
High School/Vocational Secondary
School
Some College
Bachelor’s Degree
Master’s Degree
Advanced Graduate work or Ph.D.
I don’t know
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Experimental Group
M
N
%
(SD)

12.84
(0.41)

1
7

1.7
12.1

3
5

4.8
8.1

4
20
1
2
23

6.9
34.5
1.7
3.4
39.7

1
20
5
5
23

1.6
32.3
8.1
8.1
37.1

0
7

0
12.1

1
7

1.6
11.3

1
24
3
1
22

1.7
41.4
5.2
1.7
37.9

3
21
4
3
23

4.8
33.9
6.5
4.8
37.1

control group. Five themes were identified and elicited from the content analyses. The five
themes were: Thinking Ability, Personality, Motivation, Intelligence, and Skills.
Chi-square and Fisher’s exact tests were used to compare the frequency counts of each
categorical variable in the control group with the values in the experimental group. Table 5 to
Table 9 show the concepts and their frequency identified in each of the themes by students’
responses to “How can you tell someone is creative? Write all you can think of.” Chi-square
value χ2, p value, difference of proportions value ΔP, effect size values of h, Phi coefficient, and
odds ratio are also presented in Table 5 to Table 9 for each theme.
Theme 1: Thinking Ability. The theme of Thinking Ability reflects students’ perceptions
about what kinds of thinking ability a creative person should possess. Participants from the
control group and the experimental group mainly mentioned that a creative person should have a
lot of ideas, new ideas, imagination, and the ability to solve problems. They thought a creative
person has their own ideas and unique thoughts, thinking differently from others. Their
imagination is fantastic and unrestrained. In addition, in problem solving, they thought that a
creative person likes to ask questions, find problems, establish hypotheses, and is good at
providing multiple solutions, improving solutions, and summarizing conclusions.
Students in both groups also mentioned other thinking abilities, which included logical
thinking, lively thinking, mental association, and considering the whole picture. Additionally,
critical thinking, quick thinking, and transferring knowledge were noted by students from the
control group. Scientific thinking and divergent thinking were mentioned by students from the
experimental group. A control group student noted that creative people’s thinking is practical,
while some of the students in the experimental group indicated that creative people’s thinking is
reasonable, beneficial, flexible, and fun.
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The Chi-square and Fisher’s exact tests indicated that the proportions for all categories
about Thinking Ability did not differ by groups (ps > .12), except the category of “Divergent
thinking.” Ten students from the experimental group mentioned “Divergent thinking,” but no
students in the control group mentioned it. (The control group did perceive creative people as
having lots of ideas, but not necessary ideas from different angles or perspectives.) The result
could be due to the infusion of divergent thinking in the 3eT instructional model. During the
program, students were encouraged to engage divergent thinking for different tasks. For
example, they were taught to propose multiple questions and solutions for a problem. Fisher’s
exact test indicated that there was a statistically significant relationship between the group
variable and the category of “Divergent thinking” (χ2 (1, N = 120) = 10.21, p = .0009). The
measure of association Phi was medium, ϕ = .29 (Cohen, 1988), h = 0.13, with a small effect
size. Odds Ratio for groups was undefined because the frequency of the control group was 0. A
greater proportion of students in the experimental group (16.13%) than in the control group (0%)
mentioned the concept of “Divergent thinking,” with the difference of proportions (ΔΡ) of
16.13%. Table 5 lists the concepts identified relevant to Theme 1 and statistical results by
groups.
Most of the categories in Theme 1 provided by students were slightly different between
groups. Overall, the patterns of perceptions on creative people’s Thinking Ability between the
control group and the experimental group were similar, except that a greater proportion of
students in the experimental group referred to “Divergent thinking” as the key characteristic of a
creative person.
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Table 5
Concepts Identified and Frequencies in Theme 1: Thinking Ability by Groups
frequencies by group
χ2
ΔΡ
h
ϕ
OR
p
Control Experimental
Concepts
Group
(%)
Group
Have a lot of/new/different ideas
38
43
0.20
3.84
0.12
.04
1.19
.65
Have imagination
19
24
0.46
5.95
0.11
.62
1.30
.50
Problem solving
19
18
0.20
-3.73
-0.06
.04
0.84
.66
Logical thinking
1
1
0.002
-0.11
0.0
-.004
0.93
.75a
Lively thinking
7
7
0.02
-0.78
-0.01
-.01
0.93
.89
Mental association
5
4
0.20
-2.17
-0.02
-.04
0.73
.62a
Considering the whole picture
1
1
0.002
-0.11
0
-.004
0.93
.75a
Critical thinking
1
0
1.08
-1.71
0
.10
n/a
.24a
Quick thinking
2
0
2.17
-3.45
0.01
-.14
n/a
.12a
Scientific thinking
0
1
0.94
1.61
0
.09
0.51
.74a
Divergent thinking
0
10
10.21
16.13
0.13
.29
n/a
.0009a *
Transferring knowledge
2
0
2.17
-3.45
0
-.14
n/a
.12a
Practical/reasonable
1
3
0.90
3.11
0.02
.09
2.90
.49a
Note. a mid-p value used in Fisher’s exact test. *p < .001. n/a = not applicable. N = 120, control group = 58, experimental group = 62.

116

Theme 2: Personality. The theme of Personality reflects students’ perceptions about the
kinds of personality and appearance that a creative person may possess. Students in both groups
discussed that a creative person should have curiosity and a sense of humor. Creative people are
diligent, open-minded, cheerful, sensitive, serious, and cautious. They are good at teamwork and
are willing to take risks. They may have obsessive-compulsive disorder and may be a
perfectionist. Students also stated that creative people like to share opinions and ideas with
others. However, they also like to work independently. In addition, they are non-conforming.
They do not follow other people’s choices and ideas and state their ideas boldly in front of
others. They dare to go against authority and to break the rules and stereotypes.
“Good temperament,” “Popular,” and “Ethical” were noted by students in the control
group, while “Mysterious,” “Concentrated,” “Calm,” “Patient,” “Easy to communicate,” “Not
very social,” and “Do not care about detail” were stated by the students in the experimental
group. One student in the control group and two students in the experimental group stated that
creative thinking is related to personality. However, one of the control group students proposed
that creativity has nothing to do with personality but is only related to abilities.
When discussing appearance, one student in the control group wrote that a creative
person should be good looking, while two students in the experimental group indicated that a
creative person could not be told apart based on their appearances. Students in the experimental
group also mentioned that creative people’s clothing and the light in their eyes could be different
from normal people.
The Chi-square and Fisher’s exact tests indicated that the proportions for all categories
about personality did not differ by groups (ps > .06). Table 6 lists the concepts identified relevant
to Theme 2 and statistical results by groups.
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Table 6
Concepts Identified in Theme 2: Personality by Groups
Concepts
Curiosity
Humor
Diligent
Open-minded
Cheerful
Serious/cautious
Teamwork
Risk-taking
Obsessive-compulsive disorder/A
perfectionist
Sharing opinions
Work independently
Non-conforming
Good temperament
Popular
Ethical
Mysterious
Concentrated
Calm
Patient
Easy to communicate
Not very social
Do not care about detail

Frequency by groups
Control Experimental
Group
Group
6
6
3
3
3
2
7
2
5
2
4
7
3
2
5
9
1
1
3
2
20
1
1
1
0
0
0
0
0
0
0

2
1
17
0
0
0
1
1
1
1
2
1
1
118

χ2
0.02
0.01
0.28
3.38
1.59
0.70
0.28
0.50

ΔΡ
(%)
-0.67
-0.33
-1.95
-8.84
-5.39
4.39
-1.95
8.90

0.002

-0.11

0.28
0.41
0.70
1.08
1.08
1.08
0.94
0.94
0.94
0.94
1.84
0.94
0.94

-1.95
-1.84
-7.06
-1.72
-1.72
-1.72
1.61
1.61
1.61
1.61
3.23
1.61
1.61

h
-.01
0
-0.01
-0.07
-0.04
0.04
-0.01
0.06
0

-0.01
-0.01
-0.12
0
0
0
0
0
0
0
0.01
0
0

ϕ

OR

p

-.01
-.01
-.05
-.17
-.12
.08
-.05
.62

0.93
0.93
0.61
0.24
0.35
1.72
0.61
1.51

.91
.84a
.52a
.06a
.19
.44
.52a
.48

-.004

0.93

.75a

-.05
-.06
-.08
.10
.10
.10
.89
.89
.89
.89
.12
.89
.89

0.61
0.46
0.72
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

.52a
.43a
.40
.24a
.24a
.24a
.74a
.74
.74a
.74a
.36a
.74a
.74a

Nothing to do with personality, related to
1
0
1.08
-1.72
0
.10
n/a
abilities
Related to personality
1
2
0.25
1.50
0.01
.45
1.84
Weird personality
0
2
1.84
3.23
0.01
.12
n/a
Appearance
Related to appearance
1
5
2.54
6.34
0.04
.15
5.00
Not related to appearance
0
2
1.84
3.23
0.01
.12
n/a
a
Note. mid-p value used in Fisher’s exact test. n/a = not applicable. N = 120, control group = 58, experimental group = 62.
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.24a
.80a
.36a
.16a
.36a

Theme 3: Motivation. The theme of motivation and interest refers to students’ perceptions about
what kinds of motivations, attitudes, and personal interests that a creative person may possess
(see Table 7). Students in both groups agreed that a creative person is goal oriented. They have
dreams, passions, ambitions, and self-confidence. They are willing to expend persistent effort to
achieve goals and never give up. They put effort into self-improvement. For example, students
stated that creative people study hard, develop their talents, and can use their strengths and
potential wisely. Further, creative people have strong execution of their ideas. They implement
their ideas and try to make them come true. They also work efficiently. “Doing one’s best” and
“Participate actively in events” were mentioned by students in the experimental group.
For personal interest, students in both groups discussed that a creative person likes to
explore and discover things. For example, they do unusual things that others haven’t tried or
thought of, use new methods, and invent something new. Creative people also like to read, learn,
and think. They may have many hobbies and special interests, such as arts and/or science.
Students in the experimental group also stated that a creative person likes to conduct experiments
and research.
The Chi-square and Fisher’s exact tests indicated that the proportions for all categories
about motivation did not differ by groups (ps > .08), except the category of “Like to conduct
experiments and research.” Five students from the experimental group brought up this concept,
and no student in the experimental group mentioned it. Fisher’s exact test indicated that there
was a statistically significant relationship between the group variable and the category of “Like
to conduct experiments and research” (χ2 (1, N = 120) = 4.88, p = .03). The measure of
association Phi was small, ϕ = -.20 (Cohen, 1988), h = -0.05, with a trivial effect size. Odds
Ratio (OR) was not applicable, since the frequency of the control group was 0. The different
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Table 7
Concepts Identified in Theme 3: Motivation by Groups
Concepts identified in both groups

Concepts identified by
Control Experimental
Group
Group

χ2

ΔΡ
(%)

h

ϕ

OR

p

Goal oriented
--Have goal/dream
1
3
0.84
3.11
0.02
.08
2.80
.49a
-0.11
0.93
Have passion
1
1
0.002
0
-.004
.75a
-0.11
0.93
Have ambitions
1
1
0.002
0
-.004
.75a
Have self-confidence
5
1
3.10
-7.01
-0.05
-.16
0.17
.08
Persistence
9
15
1.41
8.65
0.12
.11
1.74
.24
Study hard/develop talents
4
4
0.01
-0.44
0
-.01
-0.01
.86a
Strong execution of ideas
10
9
0.17
-2.73
-0.03
-.34
0.82
.68
Work efficiently
2
2
0.01
-0.22
0
-.01
0.93
.81a
Doing one’s best
0
1
0.94
1.61
0
.89
n/a
.74a
Participate actively in events
0
1
0.94
1.61
0
.89
n/a
.74a
Dare to face challenge
3
0
3.29
-5.17
0.02
-.17
n/a
.11a
Like to explore and discover
33
31
0.57
-16.57
-0.39
-.07
0.76
.45
Like to read
1
2
0.25
1.50
0.01
.45
1.84
.66a
-0.11
0.93
Like to learn
1
1
0.002
0
-.004
.75a
Like to think
7
3
2.05
-7.23
0.06
-.13
0.37
.17a
Have many hobbies
3
0
3.29
-5.17
0.02
-.17
n/a
.11a
Have a special interest
7
8
0.02
0.83
0.01
.01
1.08
.89
Like to conduct experiments and research
0
5
4.88
8.06
0.05
.20
n/a
.04a*
a
Note. mid-p value used in Fisher’s exact test. *p < .05. n/a = not applicable. N = 120, control group = 58, experimental group = 62.
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proportions ΔΡ was 8.06%, suggesting a greater proportion of students in the experimental group
(8.06%) than in the control group (0%) mentioned the concept of “Like to conduct experiments
and research.” Table 7 lists the concepts identified relevant to Theme 3 and statistical results by
groups.
Theme 4: Intelligence. In the theme of Intelligence, students from both the control group
and the experimental group indicated that a creative person is smart. They have wisdom and have
rich knowledge. Two students from the experimental group also indicated that a creative person
might have a higher IQ than the normal person. However, some of the students in the
experimental group believed that a creative person is not necessarily a gifted person, and their
talents are developed by “later acquisition.” Table 8 depicts students’ responses in Theme 4 by
groups. The Chi-square tests and Fisher’s exact tests indicated that the proportions for all
categories about Intelligence did not differ by groups (ps > .36). Table 8 lists the concepts
identified relevant to Theme 4 and statistical results by groups.
Theme 5: Skills. The theme of “Skills” reflected students’ perceptions about skills and
abilities that a creative person may possess (see Table 9). Participants indicated that a creative
person should have excellent language skills, which enables them to present their work and
persuade their audiences. Creative people also have “Strong hands-on ability,” “Good
observation,” and “Good organizational skills.” Students from the experimental group also
addressed that creative people are good at “Time management” and “Have special talents.”
The Chi-square and Fisher’s exact tests indicated that the proportions for all categories
about skills did not differ by groups (ps > .13), except the category of “Have special talents.”
Five students from the experimental group brought up this concept, and no student in the
experimental group mentioned it. Fisher’s exact test indicated that there was a difference
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Table 8
Concepts Identified in Theme 4: Intelligence by Groups
Frequency by groups
Control
Experimental
χ2
ΔΡ
h
ϕ
OR
Group
Group
(%)
Smart
5
3
0.69
-3.78
-0.03
-.08
0.54
Have wisdom
1
2
0.25
1.50
0.01
.45
1.84
Have rich knowledge
5
4
0.20
-2.17
-0.02
-.04
0.73
Higher IQ
0
2
1.84
3.23
0.01
.12
n/a
Not necessarily a gifted person
0
1
0.94
1.61
0
.89
n/a
Talents developed by “later acquisition”
0
2
1.84
3.23
0.01
.12
n/a
a
Note. mid-p value used in Fisher’s exact test. n/a = not applicable. N= 120, control group = 58, experimental group = 62
Concepts

p
.38a
.66a
.62a
.26a
.74a
.36a

Table 9
Concepts Identified in Theme 5: Skills by Groups
Concepts

Concepts identified by group
Control
Experimental
Group
Group
2
1

χ2

ΔΡ
(%)
-1.84

h

ϕ

OR

p

Excellent language skills
0.41
-0.01
-.06 0.46
.43a
Academic
--Good academically
4
3
0.23
-2.06
-0.01
-.04 0.69
.58a
--Not necessarily good academically
1
2
0.25
1.50
0.01
.45 1.84
.66a
Strong hands-on ability
17
11
2.24
-11.57 -0.17
-.14 0.52
.13
Good observation skill
3
7
1.47
6.12
0.05
.11 2.33
.25a
Good organizational skill
3
2
0.28
-1.95
-0.01
-.05 0.61
.57a
Time management
0
2
1.84
3.23
0.01
.12
n/a
.36
Have special talents
0
5
4.88
8.06
0.05
.20
n/a
.04a*
a
Note. mid-p value used in Fisher’s exact test. n/a = not applicable. *p < .05. N = 120, control group = 58, experimental group = 62.
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between groups (χ2 (1, N = 120) = 4.88, p = .03). The measure of association Phi was small, ϕ =
-.20 (Cohen, 1988), h = -0.05, with a trivial effect size. Odds Ratio (OR) was not applicable
since the frequency of the control group was 0. The different proportions ΔΡ was 8.06%,
suggesting a greater proportion of students in the experimental group (8.06%) than in the control
group (0%) mentioned the concept of “Have special talents.” Table 9 lists the concepts identified
relevant to Theme 5 and statistical results by groups.
Overall, students in both of the groups held similar perceptions of creativity in five
themes. Fisher’s exact tests indicated that the experimental group students tended to provide
more responses on categories of “Divergent thinking,” “Like to conduct experiments and
research,” and “Have special talents” than did those in the control group.
Research Question 2
Will the implementation of the 3eT instruction affect students’ creative-thinking
ability in science as measured by fluency, flexibility, and originality? Three MANOVA tests
were conducted to determine whether there were significant differences between the control
group and the experimental group on the combined creative-thinking ability scores measured by
fluency, flexibility, and originality in the TIPS questionnaire item 1 (TIPS1), item 2 (TIPS2),
and item 3 (TIPS3). In what follows, descriptive statistics for each group on fluency, flexibility,
and originality scores are provided in Table 10. Next, assumption tests for MANOVA were
examined. Correlation matrices among dependent variables are shown separately for three TIPS
items. The results of MANOVA tests and follow-up univariate tests are then presented.
Descriptive statistics of creative-thinking ability. Mean and standard deviations were
computed in order to compare the descriptive results on fluency, flexibility, and originality
scores for two groups. In the control group, fluency mean scores ranged from 5.25 (SD = 1.74) to
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6.50 (SD = 2.66), flexibility mean scores ranged from 3.36 (SD = 1.21) to 5.12 (SD = 1.99), and
originality mean scores ranged from 4.62 (SD = 1.43) to 4.83 (SD = .99). In the experimental
group, fluency mean scores ranged from 6.27 (SD = 1.99) to 7.57 (SD = 2.89), flexibility mean
scores ranged from 3.13 (SD = 1.10) to 5.57 (SD = 1.93), and originality mean scores ranged
from 5.34 (SD = 1.47) to 5.49 (SD = 1.26). As shown in Table 10, the experimental group
consistently had higher mean scores on fluency, flexibility, and originality over three TIPS items
than did students in the control group.

Table 10
Means and Standard Deviations of Fluency, Flexibility, and Originality on TIPS1, TIPS2, and
TIPS3 questionnaires by Groups
Creative thinking ability
TIPS1

Total

Control Group

N

n

118

56

M (SD)

Experimental Group
n

M (SD)

62

TIPS1_Fluency

5.25 (1.74)

6.27 (1.99)

TIPS1_Flexibility

3.36 (1.21)

3.97 (1.33)

TIPS1_Originality

4.77 (1.18)

5.52 (1.37)

TIPS2

118

58

60

TIPS2_Fluency

6.45 (3.14)

6.92 (2.11)

TIPS2_Flexibility

2.69 (1.17)

3.13 (1.10)

TIPS2_Originality

4.62 (1.43)

5.34 (1.47)

TIPS3

118

58

60

TIPS3_Fluency

6.50 (2.66)

7.57 (2.89)

TIPS3_Flexibility

5.12 (1.99)

5.57 (1.93)

TIPS3_Originality

4.83 (0.99)

5.49 (1.26)
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Assumption tests. In this study, multivariate analyses of variances (MANOVAs) were
the primary statistical analyses used to answer research question 2. A one-way MANOVA was
conducted three times separately for each TIPS item (TIPS1, TIPS2, and TIPS3). Thus,
assumption tests for MANOVA were examined independently for the three data sets.
In the data set of TIPS1, the values of skewness and the values of kurtosis were less than
|2| for each group. Dependent variable scores were therefore sufficiently and normally distributed
in each group for the results to be valid. The normality assumption was met. Z scores were
computed for each group to detect outliers. One case from the control group was found (z =
3.39). This case was also found in SPSS Explore, presented in boxplots. This participant was
considered an outlier in this sample.
The Box’s M tests were computed to test for equality of covariance matrices across
groups. The result indicated that the assumption of homogeneity of covariance was met (p = .73).
The observed covariance matrices of the dependent variables were equal across groups. A
Levene’s test, which assesses the equality of variance of the dependent variable across groups,
was computed for the three dependent variables. The results of the test were nonsignificant for
fluency (p = .77), flexibility (p = .67), or originality (p = .98), suggesting that the assumption of
equal variances was met.
A Mahalanobis distance was tested for multivariate normality of the distribution of
scores. The critical value of a Mahalanobis distance chi-square (χ²) with three degrees of
freedom at p < .001 was 16.27. One case from the control group was found, χ² = 17.12. Finally,
multicollinearity between dependent variables was examined via Pearson bivariate correlations
for each independent group; an r > .90 signifies multicollinearity problems (Grice & Iwasaki,
2007). Pearson bivariate correlations among the dependent variables were conducted (see Table
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11). In TIPS1, there were statistically significant positive relationships among fluency,
flexibility, and originality scores in both the control group and the experimental group. In the
control group, fluency and flexibility (r = .64, p < .0001), fluency and originality (r = .46, p <
.0001), and flexibility and originality (r = .44, p < .005) were statistically correlated. Statistically
significant correlations were also found in the experimental group, fluency and flexibility (r =
.66, p < .0001), fluency and originality (r = .40, p < .005), and flexibility and originality (r = .36,
p < .005) were statistically correlated. All correlations were not greater than .80. Dependent
variables did not, therefore, display multicollinearity. After removing two cases, all assumptions
were met. The resulting data set of TIPS1 consisted of 56 students in the control group, and 62
students in the experimental group. The total number in the TIPS1 sample was 118.

Table 11
Correlations among Creative-thinking Scores (Fluency, Flexibility, and Originality) for the
Control Groups (Upper Triangle) and the Experimental Group (Lower Triangle) on TIPS1
Creative-thinking scores

1

2

3

-

.64**

.46**

2. Flexibility

.66**

-

.44*

3. Originality

.40*

.36*

-

1. Fluency

Note. *p < .005. ** p < .0001. N = 118, control group = 56, experimental group = 62.

In the TIPS2 data set, the kurtosis value for fluency scores in the experimental group was
5.97. The normality assumption was therefore violated. The absolute Z-scores greater than 3
were identified as potential outliers (Shiffler, 1988). Z scores detected two outliers in the
experimental group (Research ID 94 and Research ID 86), z = 4.40 and z = 3.02, respectively.
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The case of research ID 94 was also identified as an outlier in the Explore normality test and the
Mahalanobis distance test. After removing those two outliers in the experimental group, all
assumptions were met. The TIPS2 data set resulted in a total number of 118 students (58 students
in the control group, and 60 students in the experimental group). Correlation coefficients among
fluency, flexibility, and originality scores are shown in Table 12. Significant positive
relationships were found between fluency and flexibility in the control group (r = .73, p < .0001)
and in the experimental group (r = .52, p < .0001). In both groups, relationships between
flexibility and originality, and fluency and originality were not statistically significant (ps >
0.05). Correlations were less than .80, so the dependent variables did not display
multicollinearity.

Table 12
Correlations of Creative-thinking Scores (Fluency, Flexibility, and Originality) for the Control
Groups (Upper Triangle) and the Experimental Group (Lower Triangle) on TIPS2
Creative-thinking scores

1

2

3

-

.73**

.06

2. Flexibility

.52**

-

-.06

3. Originality

.07

-.16

-

1. Fluency

Note. ** p < .0001. N= 118, control group = 58, experimental group = 60.

In the TIPS3 data set, all skewness and kurtosis values were less than |2|, except for the
kurtosis value on fluency scores in the experimental group, which was 2.04. Z scores detected
two outliers in the experimental group (Research ID 83 and Research ID 121), z = 3.67 and z =
-3.23, respectively. The case of research ID 83 was also identified as an outlier as accessed by
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the Explore normality test and the Mahalanobis distance test (χ² = 17.02). After removing those
two outliers in the experimental group, all assumptions were met. The final sample size of TIPS3
was 118 students, with 58 students in the control group, and 60 students in the experimental
group. Table 13 presents correlation coefficients matrix among fluency, flexibility, and
originality scores by groups. In the control group, statistically significant relationships were
found between fluency and flexibility (r = .83, p < .0001), flexibility and originality (r = .42,
p < .005), and fluency and originality (r = .38, p < .005). In the experimental group, fluency
mean scores were significantly and positively correlated with flexibility mean scores, r = .76,
p < .0001. All correlation coefficients were less than .90, and there were no multicollinearity
problems.

Table 13
Correlations of Creative-thinking Scores (Fluency, Flexibility, and Originality) for the Control
Groups (Upper Triangle) and the Experimental Group (Lower Triangle) on TIPS3
Creative-thinking scores

1

2

3

-

.83**

.42*

2. Flexibility

.76**

-

.38*

3. Originality

.13

.20

-

1. Fluency

Note. *p < .005. ** p < .0001. N= 118, control group = 58, experimental group = 60.
MANOVA in TIPS1. A one-way MANOVA was conducted to determine whether there
were group differences on students’ creativity-thinking on fluency, flexibility, and originality
scores. In the TIPS1, there was a statistically significant difference between the control group
and the experimental group on the combined creative-thinking ability scores, Wilks' Λ = .90, F
(3, 114) = 4.29, p = .007, with a small effect size, partial η2 = .10. Cohen’s (1992) rules for effect
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size evaluation (r ≥ .10 small, r ≥ .30 medium, r ≥ .50 large) were used. The follow-up univariate
analysis of variance (ANOVAs) tests were conducted to test the group differences for the three
dependent variables. Based on a Sidak adjustment, a conservative α level (α =.017) was used for
multiple tests (three tests for dependent variables). It was found that the two groups of students
significantly differed on fluency (F (1, 116) = 8.76, p = .004, partial η2 = .07), flexibility (F (1,
116) = 10.97, p = .011, partial η2 = .06), and originality (F (1, 116) = 9.39, p = .003, partial η2
= .08) (see Table 14). Students in the experimental group had higher mean scores on fluency (M
= 6.27, SD = 1.99), flexibility (M = 3.97, SD = 1.33), and originality (M = 5.52, SD = 1.44) than
did students who were in the control group (fluency: M = 5.25, SD = 1.74; flexibility: M = 3.36,
SD = 1.21, and originality M = 4.77, SD = 1.18).

Table 14
Univariate ANOVAs on Fluency, Flexibility, and Originality between groups in TIPS1
df

F

Sig.

Partial η2

Fluency

116

8.76

.004*

.07

Flexibility

116

6.74

.011*

.06

Originality

116

9.39

.003*

.08

Creative-thinking scores

Note. N = 118, control group = 56, experimental group = 62. *p < .017.
MANOVA in TIPS2. In the TIPS2, the difference between the groups on the combined
creative-thinking scores was statistically significant, Wilks' Λ = .89, F (3, 114) = 4.67, p = .004,
partial η2 = .11, with a small effect size. The follow-up univariate ANOVAs with Sidak
adjustment (α = .017) indicated that the control group and the experimental group means did not
significantly differ on fluency (F (1, 116) = .91, p = .34) or flexibility (F (1, 116) = 4.51, p = .04)
(see Table 15). However, there were statistically significant differences between experimental
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Table 15
Univariate ANOVAs on Fluency, Flexibility, and Originality Between Groups in TIPS2
df

F

Sig.

Partial η2

Fluency

116

0.91

.34

.01

Flexibility

116

4.51

.04

.04

Originality

116

7.29

.008*

.06

Creative-thinking scores

Note. N = 118, control group = 58, experimental group = 60. *p < .017.
and control groups on the originality mean score, F (1, 116) = 7.29, p = .008, partial η2 = .06.
Students who received creativity training had higher mean scores on originality (M = 5.34, SD =
1.47) than students who received traditional instruction (M = 4.62, SD = 1.43).
MANOVA in TIPS3. There was a statistically significant difference between groups on
the combined dependent variable scores, Wilks' Λ = .90, F (3, 114) = 4.26, p = .007, with a small
effect size, partial η2 = .10. The univariate follow-up ANOVAs with Sidak adjustment (α = .017)
indicated that no statistically significant difference was found in fluency (F (1, 116) = 4.35, p
=.04) and flexibility (F (1, 116) = 1.53, p = .22) mean scores between the two groups (see Table
16). However, group difference was statistically significant on the originality score, F (1, 116) =
10.06, p = .002, partial η2 = .08, with experimental group students (M = 5.49, SD = 1.26)
performing better on originality than control group students (M = 4.83, SD = .99).

Table 16
Univariate ANOVAs on Fluency, Flexibility, and Originality between Groups in TIPS3
df

F

Sig.

Partial η2

Fluency

116

4.35

.04

.04

Flexibility

116

1.53

.22

.01

Originality

116

10.06

.002*

.08

Creative-thinking scores

Note. N = 118, control group = 58, experimental group = 60. *p < .017.
131

In summary, MANOVA indicated that significant differences were found on the
combined creative-thinking scores for three TIPS items. There were only significant differences
between groups on all three dependent variables for the first TIPS item. Additionally, there were
significant differences on originality mean scores for all three TIPS items.
Research Question 3
Will the implementation of the 3eT instruction affect students’ science achievement?
A one-way analysis of variance (ANOVA) was performed to compare group differences on
students’ science achievement. ANOVA was conducted separately with two science achievement
scores. One was computed from 14 original quiz items and the other was computed from 15
items that excluded two untaught items and included three new specifically taught items.
The dependent variables were found to be sufficiently and normally distributed as the two
groups’ distributions were associated with skewness and kurtosis less than |2|. The assumptions
of homogeneity of variances tests were satisfied based upon results of Levene’s F test, F (1,118)
= .18, p = .67 for science achievement mean score with original quiz items and F (1,118) = .09, p
= .76 for science achievement mean score with taught items. The Mahalanobis distance test for
the control group and the experimental groups were conducted, and the assumption of
multivariate normality of the distribution was met.
Descriptive statistics associated with students’ science achievement scores for the control
group and the experimental group are presented in Table 17. A one-way ANOVA was
conducted to examine group differences. There was no statistically significant difference
between group means on science achievement scores with original quiz items, F (1,118)
= .18, p = .67, partial η2 = .002, indicating that the mean score of the control group (M = 21.26,
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SD = 4.20, 95% CI [20.16, 22.36]) was not significantly different from the mean score of the
experimental group (M = 20.97, SD = 3.32, 95% CI [19.09, 20.84]).
A one-way ANOVA was conducted to examine the group effect on students’ science
achievement scores with taught items. The analysis showed that the science achievement mean
score with taught items were not statistically significant between groups, F (1,118)
= .09, p = .76, partial η2 = .001. The mean score of the control group (M = 19.97, SD = 3.34, 95%
CI [20.12, 21.81]) was not significantly different from the mean score of the experimental group
(M = 20.13, SD = 2.53, 95% CI [19.49, 20.77]). Thus, the hypothesis that the intervention would
influence students’ science achievement scores was rejected.

Table 17
One-way ANOVA on Science Achievement Scores between Groups
Science achievement
scores

Control Group

Experimental Group

M (SD)

95% C.I.

M (SD)

95% C.I.

with original quiz items

21.26 (4.20)

20.16 – 22.36

20.97 (3.32)

19.09 – 20.84

with taught items

19.97 (3.34)

20.12 – 21.81

20.13 (2.53)

19.49 – 20.77

Note. N = 120, control group = 58, experimental group = 62.

Exploratory Interviews
In order to understand teachers’ and students’ opinions about the program, two teachers
and six students from the experimental group were randomly selected for individual interviews
for exploratory purposes. The interview questions were: “What do you think of the program?”
and “What do you think should be done better to promote students’ creative thinking in this
program?”
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During the interview, both teachers indicated that they like the teaching style of this
program. However, they suggested using more instructional time to deliver the teaching content
and spending more time on class activities. Teacher A stated that the program should last for one
semester, then students can practice more and finally can master the creative thinking skills in
the science classroom. Teacher A also suggested that this model should be introduced to other
science subjects, such as chemistry and biology. Science teachers who like this instructional
model need time for training and practice. They can explore the creative instructional model in
the extra curriculum, then apply it in their science lessons. Teacher B stated that students’
motivation and engagement increased in this program. However, it is a little bit difficult to keep
order in his classroom. Teacher B also suggested that science teachers need more instructional
materials that integrate creative thinking skills into classroom instruction.
In the student interview, all six students indicated that they liked this program. Two of
them stated that they liked to do the experiments, and the learning process enabled them to
remember the learning content very well. One student suggested that the groups could be bigger,
involving more group members in one group, which will save time for fewer group presentations
during the class. One student suggested to deliver a booklet for students instead of using loose
paper. This student also stated that he preferred using more time on discussion than on writing
notes on the activity sheets. Two students mentioned that the questionnaires and survey were too
long. Two students wished they would be allowed to draw relevant pictures on the activity sheets
and questionnaires because they would like to use pictures to express their thoughts in some
situations. One of the students said the communication between teacher and students could be
done better, for example, they needed their teacher’s assistance when they could not think of
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anything. Two of the students suggested that they would like to use this instructional model for
learning more content in different scientific domains.
When asked about whether Chinese students have any concern about signing consent
forms, documents that they never were required to sign when participating in research in China,
they stated that they didn’t worry about that since the program has been approved and promoted
by school principal and teachers.
Summary
Research Question 1. Qualitative content analysis of students’ responses yielded five
themes that corresponded to the open-ended question about perceptions of a creative person.
These themes were Thinking Ability, Personality, Motivation, Intelligence, and Skills. In general,
the patterns of the perceptions of creative people were similar between the experimental group
and the control group. Chi-square and Fisher’s exact tests show that a greater proportion of the
experimental group students than the control group students mentioned the concepts of
“Divergent thinking,” “Like to conduct experiments and research,” and “Have special talents.”
Research Question 2. Statistically significant differences were found between groups in
the combined dependent variable scores (fluency, flexibility, and originality) consistently on
three TIPS items. In the TIPS1 data set, group differences were found on fluency, flexibility, and
originality, with experimental group students scoring significantly higher on all three dependent
variables than did the control group students. In the TIPS2 and TIPS3 data sets, no statistically
significant differences were found in fluency and flexibility scores between groups. However, in
the TIPS2 and TIPS3 data sets, statistically significant differences between the control group and
the experimental group were found on the originality scores, with experimental group students
outperforming the control group students on originality.
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Research Question 3. The science achievement mean scores for the experimental group
was not significantly different from the science achievement mean scores of the control group,
indicating that the 3eT instructional model did not affect students’ science academic
performance.
Exploratory Questions for Interview. Teachers and students indicated a positive attitude
toward the program. Suggestions such as requesting more training and instructional time,
transferring to other subject domains, and providing more assistant to the students during class
were proposed during the interviews.
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CHAPTER 5
DISCUSSION
The purpose of the study was to examine the differential effects of the 3eT instructional
model on seventh-graders’ perceptions of creativity, their creative-thinking ability, and their
science achievement. The sample population was taken from a school in an urban district in
Guangzhou, a metropolitan city in the southern part of China. Participants consisted of 120
seventh-grade students. Participants were randomly assigned to the experimental or control
group. They learned a segment of a science curriculum unit with instructional materials based on
the 3eT model which aimed to encourage students to use creative thinking techniques. This
chapter presents (1) the summary and discussion of the main results of each research question,
(2) theoretical implications, (3) practical implications, (4) limitations of the study, and (5)
recommendations for future research.
Summary of the Findings
The three research questions that guided this study are presented below. The findings for
each research question are summarized and followed by a related discussion.
Research Question 1
Will the implementation of the 3eT instruction have impacts on students’
perceptions of creativity? Students' narrative responses to the open-ended questions, “How can
you tell someone is creative?” were coded into five themes: Thanking Ability, Personality,
Motivation, Intelligence, and Skills. In general, students in both groups held similar perceptions
of creativity in five themes. The chi-square and Fisher’s exact tests indicated that the
experimental group students provided more responses in the categories of “Divergent thinking,”
“Like to conduct experiments and research,” and “Have many talents” than did those in the
control group.
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In Theme 1 Thinking Ability, “Have a lot/new/different ideas,” “Have imagination,” and
“Problem solving” were frequently mentioned by the students from both groups, which matched
the core concepts of creativity shared by common Chinese people in previous studies (Rudowicz
& Hui, 1998; Rudowicz & Yue, 2000; Vong, 2008). Students also believed that a creative person
should possess other different types of thinking abilities, such as logical thinking, critical
thinking, scientific thinking, and mental association. A statistically significant difference was
found in the category of “Divergent thinking.” 10 students from the experimental group
proposed the concept related to “Divergent thinking," while no students from the control group
mentioned it. The responses from students on the category of “divergent thinking” involved
ideas like thinking from different angles/directions, providing multiple hypotheses, and
exploring multiple solutions. A potential explanation for the current findings may be found in the
training of the 3eT instructional model. During the program, the experimental group students
were encouraged to engage in divergent thinking for completing different tasks. For example,
they were encouraged to propose multiple questions and solutions while solving a problem. They
were also taught to use brainstorming and Janusian thinking techniques for idea generation.
Therefore, it is not surprising for the experimental group students to realize that divergent
thinking was one of the important thinking abilities of a creative person.
On Theme 2 Personality, “Curiosity,” “Risking-taking,” “Non-conforming,” “Openminded,” and “Serious/cautious” were mentioned by both groups of students as the typical
personality traits of a creative person. Students’ responses were similar to the major
characteristics of the creative personality found in previous research (Sternberg, 1985; Runco,
1987). However, no statistically significant differences were found between two groups on any
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categories in Theme 2, suggesting no effect of the program on students’ perceptions about
creative personality.
Theme 3 Motivation reflected students’ perceptions about what kinds of motivations,
attitudes, and personal interests that a creative person may possess. “Have self-confidence,”
“Strong execution of ideas,” “Persistence,” “Study hard,” “Like to explore and discover,” and
“Have a special interest” were identified as major characteristic by students in both groups. The
findings were also found in previous studies (Grohman, Ivcevic, Silvia, & Kaufman, 2017; Kim
& Lee, 2018).
Fisher’s exact tests indicated that only the category of “Like to conduct experiments and
research” differed by group, with a greater proportion of students in the experimental group
(8.06%, n = 5) than in the control group (0%, n = 0) believing that a creative person “Like(s) to
conduct experiments and research”. A potential explanation for this difference might be due to
the learning process of the 3eT instructional model. The experimental group students were asked
to conduct two experimental activities on the “Explore” phase according to the 3eT instructional
model. In this phase, students proposed hypotheses, predicted the effectiveness of their testing
materials, and recorded their work in activity sheets. Then students were asked to explain and
share their findings on the next phase of “Explain.” These extensive hand-on activities may
impress students that “conducting experiments and research” are essential to producing creative
products. However, students in the control group who didn’t conduct experiments probably
lacked this concept.
In Theme 4 Intelligence, students in both groups proposed similar responses. There were
no statistically significant differences in any of the categories between the control group and the
experimental group. Students in both groups believed that a creative person should be smart,
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have wisdom and rich with knowledge. This supported the literature that Chinese students tended
to link creativity with intelligence and wisdom (Rudowicz & Yue, 2000). Furthermore, previous
studies reported that Chinese teachers also prefer to connect creativity with intelligence, wisdom
and academic performance (Chan & Chan, 1999, Li et al., 2013; Rudowicz & Hui, 1998; Zhou et
al., 2013). However, some of the students in the experimental group believed that a creative
person is “Not necessarily a gifted person,” and their talents are developed by learning. These
mindsets should be promoted in future instruction in order to remind students and teachers that
creative ability is not fixed and can be developed by learning and effort.
In Theme 5 Skills, students listed different kinds of specific skills that a creative person
should possess. Those skills involve language, academic, strong hands-on ability, observation,
organization, and time management skills. Fisher’s exact tests found a statistically significant
difference in the category of “Have special talents.” This finding suggested that students in the
experimental group were more likely to agree that “Have special talents” was an important
characteristic of a creative person. The possible explanations for the current findings could be
partly attributed to the intervention of the current training. Creative thinking techniques were
infused and taught into the instruction. Therefore, the treatment group students might possibly
consider those thinking techniques were essential, and as some kind of special talent for a
creative person.
In summary, the evidence suggests that the 3eT instruction does affect students’
perception of creativity, specifically as involving divergent thinking, experimentation, and
research.
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Research Question 2
Will the implementation of the 3eT instruction affect students’ creative-thinking
ability in science as measured by fluency, flexibility, and originality? TIPS questionnaire
Item 1 (TIPS1), Item 2 (TIPS2), and Item 3 (TIPS3) were used to examine the differential effects
of the 3eT instruction on students creative-thinking ability. MANOVA tests were conducted
three times for each TIPS item to identify any significant differences between the control group
and the experimental group.
The main MANOVA analysis identified statistically significant differences for the
combined creative-thinking ability scores (fluency, flexibility, and originality) consistently on
three TIPS questionnaire items, indicating experimental group students scored significantly
higher on all three combined dependent variable scores than did the control group students.
Overall, the current findings provide evidence that the 3eT instructional model was effective in
improving students’ creative-thinking ability in the science domain. The results of this study
contribute to the literature that teaching creativity in science has effects on students’ creativethinking ability (López-Mesa et al., 2011; Scott et al., 2004; Tseng et al., 2013; Wang et al.,
2011).
The follow-up univariate ANOVA tests were conducted for each of the TIPS
questionnaire items to examine the differences among fluency, flexibility, and originality scores
separately. In Item 1 (TIPS1), statistically significant differences were found, with experimental
group students scoring significantly higher on fluency, flexibility, and originality than did the
control group students. However, in the TIPS2 and TIPS3 data sets, statistically significant
differences were found only on the originality scores, with the experimental group outperforming
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the control group on originality. Their scores did not differ on fluency and flexibility on
questionnaire Item TIPS2 and Item TIPS3.
One possible explanation of these findings was the differences in the item content in the
TIPS. Comparing three TIPS items, the question listed on the TIPS1 was the most relevant to the
content that students had learned in terms of noise in the teaching unit. It asked students to think
of ways to reduce traffic noise while they were doing their homework project. Questions on
TIPS2 and TIPS3 asked for scientific problem solving relative to a broader scope. The TIPS 2
asked students to bring as many questions as they could which were related to a noise topic on a
planet Earth conference. Although the subject area was the same as in TIPS1, the setting was less
familiar to the students. Chinese students seldom participate in a discussion conference. Many of
them do not have experience attending a conference, therefore generating fewer connections or
resources about asking questions about noise. The TIPS3 asked students to provide solutions on
cooling their homes in the hot summer, which was relative to another content topic that students
had not learned about it. Students’ knowledge and familiarity with the content may affect their
creative thinking on fluency and flexibility. A study conducted by Hong and her colleagues
(2013) supports this explanation. In their study, they found that Chinese students produced more
responses (fluency), categories (flexibility), original solutions (originality), and details
(elaboration) about school uniforms than about the less familiar subject area of health food. The
researchers claimed that students may not feel a sense of immediacy for a topic less relevant to
their daily life. In this study, the experimental group did not generalize more ideas and categories
in TIPS2 and TIPS3 possibly due to the lower familiarity of the setting (for TIPS2) and content
(for TIPS3).
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However, in this study, students in the experimental group consistently scored higher on
originality across three TIPS items with different levels of content familiarity. These findings
were not fully consistent with Hong et al.’s (2013) study, probably due to the training effects of
the 3eT creative instruction. In Hong et al.’s (2013) study, students were assessed directly by
giving the creative problem-solving tests without any treatment. In the current study, students
were tested after the program and significant differences were found on originality across three
TIPS items between the two groups. Yet, fluency and flexibility scores did not show significant
differences in less familiar items after the training. Therefore, the finding suggests that the
creative-thinking instructional training influenced students on producing original responses
regardless of their lower familiarity level to the test content in the same science domain.
In support of this explanation, other studies also suggest that originality has larger effect
sizes compared to fluency and flexibility in creativity training research (Ma, 2006; Rose & Lin,
1984; Scott et al., 2004). Ma (2006) used meta-analysis to examine the effect of creativity
training programs (e.g., teaching brainstorming, incubation, Synectics techniques) and found the
largest effect sizes associated with originality, in both divergent thinking and problem-solving
tests. Ma’s study confirmed the results found in Rose and Lin (1984) and Scott et al. (2004).
That means when divergent thinking tests were used in evaluating the improvement effect of
creativity training, it could considerably affect originality. This is probably the reason that
significant differences were found consistently on originality scores in TIPS1, TIPS2, and
TIPS3, showing the current creativity instructional model had an effect on improving students’
creative thinking on originality.
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Research Questions 3
Will the implementation of the 3eT instruction affect students’ science achievement?
The study did not reveal significant results when examining students’ science achievement.
There were no statistically significant differences between the control group and the
experimental group on original quiz items and taught items. The results obtained in this study
reject the hypothesis that the 3eT instructional model would affect students’ science
achievement.
Literature indicates that a relationship exists between creativity instruction and students’
academic performance (Blumen-Pardo 2002; Hu et al., 2011; Schacter et al., 2006; Shayer, 1999;
Sternberg et al., 1998; Ziyadat & Ziyadat, 2016). However, studies indicated that creativity
training on improving academic achievement in the science domain was rare. Some training
programs of the studies above (Hu et al., 2011; Shayer, 1999; Sternberg et al., 1998) involved
creative-thinking strategies and other cognitive and motivational skills. Therefore, to what extent
students’ academic achievement increased from the component of teaching creative thinking was
unknown. In addition, previous studies did not indicate which specific subject area (Sternberg et
al., 1998) that students were taught or measured, and some of them were not specifically in the
science domain (Schacter et al., 2006; Ziyadat & Ziyadat, 2016). The current study provides
evidence to fill this gap in the literature.
The brevity of the intervention could be a possible explanation for the lack of effects. In
this study, students received the 3eT instructional training for 4 instructional periods over two
days. Each instructional period lasted 40 minutes. The fourth instructional periods were used for
the completion of questionnaires and a quiz. That means students only received 120 minutes of
training in total. Compared to other long-term training programs (Cheng, 2011; Hu et al., 2011;
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Jiang 2009), the instructional time for the given periods in the current study was limited. Further
research is needed to examine the effect of the 3eT training with a longer instructional period.
Although a far less likely possibility, a delayed effect is another possible explanation for
the failure of improving students’ science academic performance. A program which used
Cognitive Acceleration through Science Education (CASE) methods over two years to improve
students’ scientific creativity found the effects on students’ science achievement scores delayed
by at least one year after the end of the program (Adey & Shayer, 1994; Lin, Hu, Adey, & Shen,
2003; Shayer, 1999). A long-term far transfer effect of the significant gains in academic
achievement in Math and English were also found by Shayer (1999). Therefore, researchers in
the CASE program argued that students might need time to enhance cognitive processing ability,
then the higher-level processing thinking ability may become apparent in new learning. Their
study indicated that the effects on students’ achievement might not become apparent until a
period of time has passed. Thus, further research is needed to investigate any delayed effects on
improving students’ science achievement score by the intervention of creativity training.
Exploratory Interviews
The exploratory interviews were intended to understand teachers’ and students’ opinions
about the program. The findings confirmed previous research that Chinese teachers and students
prefer to infuse creative-thinking strategies into classroom learning (Cheng, 2011; Zhang, 2004,
2006). They also want to apply this model in other subject areas. An increase in motivation and
engagement was reported by one of the teachers and the student interviewers. Similar to the
findings of previous research (Cheng, 2004), the teachers in this study thought that creativity
instruction requires more time. They also reported difficulties with classroom management. A
teacher suggested that this program should last for one semester so that students could practice
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more and finally master the creative-thinking skills. Students stated that they need more
assistance when they could not come up with ideas. Further studies may use the 3eT instructional
model in other subject areas, provide more detailed instruction for teachers when students need
help and for classroom management.
Theoretical Implications
Findings of the present study contribute to creativity theory by providing researchers with
new knowledge about the implementation of the 3eT instructional model in science. Prior to this
study, there has been little research pertaining to the integration of creative-thinking strategies
into the science classroom curriculum. This is specifically evident within the realm of creativity
training and in the domain of science learning.
The findings from this study imply that patterns of students’ perceptions of creativity
could be influenced by the training activities that students had experienced. In general, both the
control and experimental groups provided similar results of the five themes. However, students
in the experimental groups proposed more concepts related to “Divergent thinking,” “Like to
conduct experiments and research,” and “Have special talents,” which were some of the key
features that the 3eT instructional model emphasized during the training. That means it is
possible that students’ perceptions and attitudes towards creativity could be influenced if
teachers foster creative-thinking strategies and atmospheres during the training.
Results from the current studies also indicate that experimental group students’ creativethinking abilities were higher than that of the control group after the implementation of the 3eT
instruction. The experimental group students especially provided more unique (original)
responses for solving the scientific problems in the TIPS test. Students’ fluency and flexibility
scores did not differ on TIPS2 and TIPS3, which have a wider range of contexts, confirming that
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life experience and domain-specific knowledge may affect students’ performance in creativity
thinking tests (Baer, 2012, 2016; Hong et al., 2013).
The results of the current study did not support the claim that the 3eT instructional model
could benefit students academically. Researchers suggest that using pedagogical approaches to
teach creativity increases academic performances such as understanding, retention, and transfer
of skills and knowledge (Hu et al., 2011; Ritchhart, 2004; Sternberg, 2003). However, little
research on creativity training assesses science achievement scores directly. Some research
involving long-term training also indicated a delayed effect of the improvement of science
achievement scores (Adey & Shayer, 1994; Lin et al., 2003; Shayer, 1999). Longer exposure to
the intervention may be required to obtain observable differences. Longitudinal studies across a
longer period are needed to investigate whether there are delayed effects on academic
achievement and whether those effects could be sustained for further development.
Practical Implications
This study has significance for educational practice in addition to the theoretical
implications. The findings provide empirical evidence that the 3eT instructional model has
positive effects on students’ perceptions of creativity and creative-thinking ability. The
instructional methods shown in this study informed classroom teachers that science and
creativity can co-exist in each teaching unit. Teachers will be able to follow the phases in the 3eT
instructional model and integrate creative-thinking strategies into their teaching curriculum.
Educators will be able to utilize these findings as a baseline for future study on creativity training
programs.
Second, instructional designers may see the usefulness of the 3eT instructional model as
they develop similar approaches to integrate creative-thinking strategies into science instruction.

147

In this study, the creative-thinking instructional training was used in an after school program.
The 3eT instructional model could also be used to design curriculum for regular classroom,
interest groups, or even the gifted programs.
Third, the research can help policy makers to better understand the effects of using a
creative instructional model to foster students’ creative-thinking ability. Because the 3eT creative
instructional model can serve as an example for teachers who lack adequate training in how to
infuse creative-thinking techniques into their teaching, the training program could be promoted
in other subject areas and different grades according to students’ needs.
Last but not least, educators should consider the exact content on science achievement
tests. Students’ science achievement scores could be different when test items require using
divergent thinking skills to solve the problems. It is important that achievement tests involve
items to measure creativity but not rote knowledge. When creative thinking is promoted in
testing, students and teachers will be more likely to devote time and effort to practice creativity.
Limitations and Recommendations for Future Research
The study has some limitations that could be addressed in future research. The first
limitation of this study involves the sample. Subjects were selected from a middle school in
Guangzhou. Although a developmental pattern could be examined by studying various grades,
only seventh graders were used for the current study. It is intended that follow-up studies with
other grades will be conducted based on the current findings. The middle schools in Guangzhou
are considered typical for schools in metropolitan areas in China. However, generalization of the
findings should be limited to metropolitan schools, like Guangzhou, and caution should be
exercised if results are to be generalized to other geographic areas of China, especially rural
schools.
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In addition, the registration of this after-school program was first come, first served.
Students who were interested in science had more incentive to participate in the study. That
means participating students were more likely to have a higher interest in learning science and
have better achievement in science. This made the sample less representative of the population of
students in the target population, many of who have less interest in science. This limitation can
be overcome in future research by selecting two whole classes of students to participate in the
program or integrating the 3eT instructional model directly in students’ regular courses.
Second, the intervention was constrained by time. The research study took place over a
period of two weeks. Two instructional module sessions were delivered each week. In general,
the amount of time was sufficient for conducting the intervention. However, participating
teachers suggested that more time and instruction would provide more opportunity for students
to engage in the practice of using creative-thinking skills. Thus, this limitation can be addressed
by increasing the frequency and length that students participate in instructional modules
throughout the research study.
Third, future research could examine the immediate effects and the sustained/delayed
effects on scientific creative-thinking ability and students’ science achievement. In our study, all
questionnaires and the quiz were completed in the fourth instructional period, which was
followed by a 10-minute break after the third instructional period. An analysis of
sustained/delayed effects on students’ creative-thinking and academic performance would extend
our understanding of how creative-thinking strategies impact students’ creative-thinking ability
and their academic scores gradually.
In addition, students in the experimental group had been introduced to “little-c” and
“minic” creativity, which encouraged them to apply creative-thinking strategies after class and
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during their daily life. Giving more time and space for students practicing those strategies before
testing could give us more insight into how students’ creative-thinking ability developed in and
after school.
Fourth, future studies could examine the impact of the 3eT instructional program on
students’ motivation. During the interview, students and one of the teachers reported an increase
in motivation and engagement during the program. A motivation survey could be developed and
used to examine the effects on students’ motivation. If researchers would be able to obtain a
large enough sample size, a structural equation model could be built up to see whether the
training has a direct effect on motivation and whether motivation as a mediator has indirect
effects on students’ creative-thinking ability and their academic achievement.
Finally, researchers could measure and compare subscores based on different levels of
higher and lower-order items in the students’ achievement test. Higher and lower-order test items
could be identified base on some taxonomy, such as Bloom’s taxonomy (Krathwohl, 2002). This
may help educators understand what kinds of cognitive domains could be affected by the
creativity training. Creativity is a higher-order thinking skill so it is important to examine the
effects of creativity instruction on higher-order items.
Concluding Thoughts
As emphasized in the preceding chapter, many teachers in K-12 schools are uncertain
about how to incorporate creative-thinking into their classroom teaching materials. This research
sought to use a creative instructional model for teachers and educators so that they would be able
to engage in a systematic process to support new and innovative science learning experiences for
students.
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Findings of this research lead to three conclusions. First and foremost, it confirmed the
argument that creative-thinking ability in the science domain could be affected by creative
training. Second, the 3eT instructional model which fostered creative-thinking strategies into
science learning had an influence on students’ perceptions of creativity. Compared to the control
group, students in the experimental group were more likely to mention the creative
characteristics of “Divergent thinking,” “Like to conduct experiments and research,” and “Have
special talents.” Once students have the awareness and recognition of more characteristic of a
creative person, it might be their beginning of a journey to become creative, such as applying
“mini-c” and “little-c” to their everyday creativity. Third, compared to traditional teaching, this
study indicated that creativity training may not always be effective in improving students’
achievement. Further research is suggested to implement the training for a longer period of time
and to classify test items into higher or lower- order groups by using some taxonomy.
Conducting a longitudinal study may expand our understanding of the development of students’
creative-thinking ability in different domains and the different effects on corresponding
academic achievement.
The current research strengthened my belief that everyone has creative potential;
however, it needs educators and students’ dedication and efforts to ignite and develop these
innate creative abilities. The current study provided a practical and effective way that creativethinking techniques could be integrated into the 3eT instructional model and be delivered in a
regular classroom curriculum.
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APPENDICES
Appendix A
Three Examples of News -- Harmful Effects of Noises
Example 1: Man-made Noise in World's Seas Threatens Wildlife
Man-made noise in the world's seas and oceans is becoming an increasing threat to
whales, dolphins and turtles who use sound to communicate, forage for food and find mates,
wildlife experts said on Wednesday.
Rumbling ship engines, seismic surveys by oil and gas companies, and intrusive military
sonars are triggering an "acoustic fog and cacophony of sounds" underwater, scaring marine
animals and affecting their behavior.
"There is now evidence linking loud underwater noises with some major strandings of
marine mammals, especially deep diving beaked whales," Mark Simmonds, Science Director of
the Whale and Dolphin Conservation Society, told a news conference in Rome.
Simmonds, who was speaking on the sidelines of a December 1-5 United Nations
Environment Program's Convention on Migratory Species conference, said there are also
growing indications that certain tissue damage in cetaceans is linked to noise.
Experts suspect that startled animals may tend to dive erratically and suffer something
similar to human divers getting the "bends" -- illness symptoms experienced when divers do not
carry out proper decompression stops after a long or deep dive.
According to "Ocean Noise: Turn It Down," a new report by the International Fund for
Animal Welfare, the distance over which blue whales can communicate has been cut by 90
percent as a result of higher noise levels.
Over the past 50 years, low frequency underwater noise has doubled every 10 years over
the previous decade, while the number of ships has tripled, the report also said.
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It added that sound produced by air guns used for seismic surveys in oil exploration can travel
more than 3,000 km (1,864 miles) from their source.
The rising number of vessels, and their increasing speed, has led to more ships striking
marine animals already threatened by hunting and climate change.
Experts say there are also concerns that rising levels of carbon dioxide are pushing water
acidity levels up and contributing to noisier oceans, because when acidity rises, water absorbs
less noise.
"If there is a lot of background noise, the animals can't hear the boat coming," said
Simmonds. "It's the cocktail party effect."
Marine conservationists at the Rome conference are urging governments and industry to
adopt quieter ship engines, tighter rules on seismic surveys and less disrupting sonar
technologies by navies.
The European Union has submitted a draft resolution to the convention calling on
members to consider a wide range of measures to reduce underwater noise.
But Simmonds said conservationists were concerned that pressures from the military and
energy industry as well as the need for more research into marine noise pollution may lead to the
resolution being substantially weakened.
"We simply don't know at this stage how many animals are affected by noise pollution,
but the lack of full scientific evidence should not be a reason to delay action, said Simmonds."
By Reuters Reporter, Silvia Aloisi in Rome on Wed Dec 3, 2008 1:56pm EST
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Example 2: Traffic Noise Linked to High Blood Pressure
(Reuters Health) Sitting in traffic can get your blood boiling temporarily, but living near
it might raise your risk of long-term high blood pressure, a new study suggests.
Researchers found that among more than 24,000 Swedish adults, those living near relatively
noisier roads were more likely to say they had high blood pressure than those living in more
peaceful surroundings.
Middle-aged adults with the highest traffic-noise exposure -- averaging more than 64
decibels -- were almost twice as likely to report high blood pressure as their counterparts living
near the quietest roads. A similar pattern was seen among young adults, but not the elderly. (For
comparison, normal conversation has a noise level of about 60 decibels.)
The findings, published in the online journal Environmental Health, add to evidence that
chronic noise exposure may spell health trouble. Other studies have found, for instance, that
people living near airports or working in noisy jobs have an increased risk of high blood pressure
and heart attack.
The theory is that because noise essentially signals the body that it's in a stressful
situation, chronic exposure may cause long-term increases in stress hormone production, heart
rate and blood pressure.
The current findings do not prove that nearby traffic caused study participants' high blood
pressure. But they suggest it might have been a factor in some cases, according to the
researchers, led by Theo Bodin of Lund University Hospital in Sweden.
The researchers surveyed 24,238 adults between the ages of 18 and 80 about their health
and lifestyle, and traffic data to estimate participants' average exposure to road noise at home.
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Of adults ages 40 to 59, 28 percent of those with the highest traffic- noise exposure said
they had high blood pressure, versus 17 percent of those living near the quietest roadways.
Average exposure in the former group was more than 64 decibels, compared with less than 45
decibels in the latter.
When Bodin's team considered other factors -- like age, income and lifestyle habits -they found that middle-aged adults living near the noisiest roads were nearly twice as likely to
have high blood pressure.
The researchers found a similar pattern among people younger than 40 -- although the
risks were not as high, and far fewer men and women that age had high blood pressure.
There was no link between traffic noise and high blood pressure among older adults. A possible
reason, the researchers speculate, is that because older people often have multiple risk factors for
high blood pressure, any effects of noise exposure may be relatively small and harder to detect in
a study.
They call for more research into the potential health effects of noise pollution at all ages.
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Example 3: Noise from Firecrackers Scared Chickens to Death
(China Daily) The noisy firecrackers that declared the opening of a motorcycle shop took
the lives of 800 chickens.
The shop's owner had to fork over 16,000 yuan ($2,345) to the Qi, the owner of the
chicken farm, located in Shangcai county, Henan province.
The farm was located just about 30 meters away from the shop. The noise sent the
chickens scattering and they eventually died from shock, according to Qi.
Qi went to court and the judges urged the shop owner to pay the farmer.
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Appendix A (Chinese)
三则新闻案例 – 噪音的危害

案例 1：人造噪音给世界海洋生物带来的威胁

野生生物专家周三表示，人造噪音日益成为世界海洋生物的一个重大威胁。一些生物如鲸
鱼，海豚和海龟，他们通过声音来完成交流、觅食和求偶，而人造噪音已经对他们的生存造成严
重影响。
船舶发动机发出的隆隆声，石油和天然气公司探测海底石油时发出的噪音，以及海军的反
潜声纳系统发出的强声脉冲， 这些噪音会使海洋生物受到惊吓并影响他们的生活习性。
鲸鱼与海豚保护协会科学主任马克·西蒙兹在罗马的新闻发布会上说道，“目前有证据表
明，巨大的水下噪音造成了一些大型海洋哺乳动物的大规模搁浅，特别是深潜的喙鲸。”
西蒙兹在 12 月 1 日至 5 日联合国环境规划署移栖物种公约会议上发言时说，不断有迹象
表明，鲸类动物的某些组织损伤与噪音有关。
专家怀疑受惊吓的动物可能会出现不规律地潜水，并遭受类似于人类潜水员一样的“潜水
夫病”- - 当潜水员长时间潜水后没有进行适当减压而造成的病状。
根据国际爱护动物基金会的一份新报告《杜绝海洋噪音》 ，由于较高的噪音环境，蓝鲸能够进行
交流的距离已经减少了 90％。
在过去 50 年中，海洋船只数量增加了两倍，而水下低频噪音在过去十年翻了一番。报告
还称，用于石油勘探的空气枪发出的噪音可以从其源头运行超过 3,000 公里（1,864 英里）。
海洋船只以迅猛的速度增长，已经导致了许多海船撞击事故。这给海洋气候带来了变化，
也影响了海洋生物的捕食。
专家说，全球二氧化碳浓度上升会使海水酸度增加；而当海水酸度增加时，海水吸收的噪
音就更少，从而导致海洋噪音污染更加严重。
西蒙兹说，“如果背景噪音过多，海洋生物就无法听见船只的到来；这是一种鸡尾酒会效
应。”
罗马会议的海洋保护主义者呼吁政府和工业部门采用更为安静的船舶发动机，更严格的海
底勘探规章，以及减少使用海军的反潜声纳系统。
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欧洲联盟向公约组织提交了一项决议草案，呼吁各成员国采取广泛措施来减少水下噪音污
染。
但西蒙兹说，环保人士担心，军事和能源行业的压力以及海洋噪音污染研究的更多需求可
能会导致议案被大大削弱。
“我们根本不知道在这个阶段有多少动物正在遭受噪音污染，但缺少充分的科学证据不该
成为延误行动的理由”，西蒙斯说道。

路透社记者，Silvia Aloisi 于 2008 年 12 月 3 日星期三下午 1:56（美国东部时间），在罗马为你报
道。

158

案例 2：与高血压相关的交通噪音
（路透社健康专栏）一项新的研究表明，在交通拥挤的路上开车可以暂时让你的血液沸
腾，但长期住在附近可能会增加患高血压风险。研究人员发现，在 24000 多名瑞典成年人中，住
在嘈杂道路附近的人比住在安静环境中的人更有可能患高血压。
中年人交通噪音暴露 -- 平均超过 64 分贝，与住在最安静道路附近的人相比，前者患高血
压的比例几乎是后者的 2 倍。同样的情况也出现 在青年人中，但老年人的情况不同。 （为了比
较，正常谈话应该保持在约 60 分贝声音。）
这些发现已经被发表在《环境健康》在线杂志上，并证实慢性噪音暴露会导致健康问题。
其他研究也指出，生活在机场附近或在嘈杂环境中工作的人患高血压和心脏病的风险更高。
理论上说，噪音本质上是信号的载体，当你处在压力环境下，慢性噪音暴露会使人体激素
分泌，长期之下会导致心率和血压升高。
目前的研究结果并不能证明住在嘈杂道路附近是导致研究对象患高血压的因素。但是， 依
据瑞典隆德大学医院 Theo Bodin 的介绍，由他领导的研究人员一致认为，在某些情况下，这可能
是一个患病因素。
研究人员调查了 24238 名 18 至 80 岁成年人的健康状况和生活方式，以及交通数据，以评
估研究对象在家附近的交通噪音平均暴露量。
在 40 至 59 岁的成年人中，住在最大交通噪音暴露量的人中患有高血压的比例达到了
28％，而住在最安静道路附近的人中患病比例达到 17％。 前者的平均噪音暴露量大于 64 分贝，
而后者小于 45 分贝。
当 Bodin 的研究团队考虑其他因素时，如年龄，收入和生活习惯，他们发现，住在最嘈杂
道路附近的中年人患高血压的比例是之前的 2 倍。
研究人员在 40 岁以下的人群中发现了同样的情况 – 然而患病风险并不高，而且在这个年
龄段，患高血压的男性和女性都比较少。据研究人员推测，老年人的高血压可能与交通噪音没有
联系。一个可能的原因是，老年人得高血压通常有多种危险因素，而噪音暴露的影响可能相对较
小，所以更难以在这项研究中得出结果。
他们呼吁对所有年龄段的人关于噪音污染与潜在健康影响进行更多研究。
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案例 3： 鞭炮噪音吓死鸡

（中国日报）摩托车店开张，喧闹的鞭炮声夺走了 800 只鸡的生命。
店主向河南省上蔡县的养鸡场场主（姓齐）赔偿 16000 多元人民币（2,345 美元）。
据齐某人介绍，他的农场距离商店只有 30 米。鞭炮 声吓得鸡到处乱串，最终因休克而死亡。
齐某人将店主告上法庭，法官最终判处店主向他支付一定的赔偿金。
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Appendix B

Form A: Source and Effects of Noise
Source of noise

Effects of noise

What have you found from this exercise? Summarize here:

_________________________________________________________________________

_________________________________________________________________________
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Appendix B (Chinese)

表格 A: 噪音的来源和影响
噪音的來源

噪音的影响

你在这个练习中有什发现? 请在下面做总结:

_________________________________________________________________________

_________________________________________________________________________

162

Appendix C

Experiments about Sound: Activity 1
What you
will need

4 paper cups
Cotton balls
A timer

What you
will do

(1) Stuff 2 cups with cotton balls to make simple ear protectors.
(2) Student 1 – Turn the timer on
(3) Student 2 – (a) place the empty cups over your ears and pay
attention to the sound of the ticking timer; (b) next, place the
cotton-ball cups over your ears and pay attention to the sound
of the ticking timer.
(4) Student 2 – Write what you noticed about the sound:
_______________________________________________
_______________________________________________
Rotate Students 1 and 2 and experiment again from (2) to (3).
When every student has had a chance to do this experiment, go to
the next row (why the difference?).

Why the
difference?

Each student: Think about reasons for the difference in the sound:
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
Group: Have a group discussion. Write down the reason your group has agreed on:
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Appendix C (Chinese)

声音的实验: 活动 1
你需要准备
的东西

4 个纸杯
棉花球
计时器

你将要做的
事情

(1) 把棉花球填满两个纸杯作为简易的耳罩
(2) 学生 1 – 启动计时器
(3) 学生 2 – (a) 用两个空的杯子盖住你的耳朵，留意计时器的
滴答声； (b) 接下来，把有棉麻球的杯子盖住你的耳朵, 留
意计时器的滴答声。
(4) 学生 2 – 把你留意到的有关声音的现象写下来:
_______________________________________________
_______________________________________________
交换学生 1 和学生 2 的任务，把实验步骤（2）和（3）再做一
次。当每个学生都完成了这个实验，请去下一栏（为什么会不
一样？）。

为什么会不
一样?

每个学生: 思考声音不一样的原因：
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
小组: 进行小组讨论。写下你们小组成员共同赞成的原因:
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Appendix D

Experiments about Sound: Activity 2
What you
will need

A timer
6 paper cups
Bubble-wrap
Aluminum foil
Cotton balls

Prepare

(1) Stuff 2 cups with bubble wrap
(2) Stuff 2 cups with aluminum foil
(3) Stuff 2 cups with cotton balls

Let’s guess

Suppose that you turned the timer on. Then,
(a) Suppose that you placed two cups with bubble wrap over your ears and listened
to the ticking timer. [Do not touch the cups yet; just imagine]
(b) Suppose that you placed two cups with aluminum foil over your ears and listened
to the ticking timer.
(c) Suppose that you place two cups with cotton balls over your ears and listened to
the ticking timer.
Which of the three materials do you think will soften (muffle) the ticking sound the
most (quiet)? The second (middle)? And the third (loudest among the three)? Guess
and write the order:
(1) _________________________
(2) _________________________
(3) _________________________
As best you can, write the reason for the order of your list: _________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
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What you
will do

Turn the timer on. Taking turns, experiment with bubble-wrap cups, aluminum-foil
cups, and cotton-ball cups.
Did you guess correctly?

Summarize

Based on your experiments, fill out the form.
List the materials in order of
effectiveness of sound reduction

Characteristics of the materials

1.

2.

3.

Discuss

Each student: What did you learn from this experiment? ______________________
_____________________________________________________________________
_____________________________________________________________________
Group: Have a group discussion. Write down what the group learned about the rank
and characteristics of the materials.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Appendix D (Chinese)

声音的实验: 活动 2
你需要的东
西

1 个定时器
6 个纸杯
气泡纸
锡纸
棉花球

准备

(1) 把气泡纸装入两个纸杯
(2) 把锡纸装入两个纸杯
(3) 把棉花球装入两个纸杯

让我們猜測

假设你启动定时器，然后,
(a) 假设你把两个装着气泡纸的杯子盖住你的耳朵并倾听定时器的滴答声。 [不
要碰杯子；只是想象]
(b) 假设你把两个装着锡纸的杯子盖住你的耳朵并倾听定时器的滴答声。
(c) 假设你把两个装着棉花球的杯子盖住你的耳朵并倾听定时器的滴答声。
三种材料当中你认为那种材料最能减弱滴答声（安静）？ 排第二的是那种（中
间）？ 排第三的是那种（三种当中最响的）？ 猜想并按顺序写下：
(1) _________________________
(2) _________________________
(3) _________________________

尽你最大的努力，写下你列出的顺序的原因： ________________________
_________________________________________________________________
_________________________________________________________________

167

_________________________________________________________________

你将会做的
事情

大家轮着用装着气泡纸、锡纸、和棉花球的杯子做实验。
你猜的正确么？

总結

根据你的实验，填写表格。
按顺序列出弱音效果最好的材料

这些材料的特点

1.

2.

3.

讨论

每个学生：你从这个实验中学到什么？ __________________________________
_____________________________________________________________________
_____________________________________________________________________
小组：进行小组讨论。 写下小组得出的排序和材料特点的结论。
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Appendix E

Noise Pollution Information
Sources of noise



Machines; vehicles, trains, aircrafts; radio, television, children playing
[any unpleasant sound]

Sound meters

The decibel scale (dB)



Each step of 10 dB on the scale represents an increase of 10 times in the loudness.
For exmaple, 50 db is 10 times louder than 40 dB
170 dB
150 dB
100 dB
80 dB
60 dB
30 dB
0 dB

[damaging level]
Jet plane taking off
Jet plane at 300 meter
Door slamming
Loud conversation
Rustle of paper
[can begin to hear]

Noise pollution in the home
Source
Television
Refrigerator
Vacuum cleaner
Washing machine

Noise level (dB)
65-67
44
87
61

Sourse
Radio
Air conditioner
Toilet flushing
Electric grinder

Noise level (dB)
75
61
76-80
82

Note. Newer machines (refrigerator, dish washer, washing machine) are much quieter
than older ones.
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Appendix E (Chinese)

噪音污染的信息
噪音的來源



机械；汽车；火车；飞机；音箱；电视；小孩子玩耍
[任何不舒服的声音]

分贝测试器

分贝表 (dB)



量表中每 10 dB 的距离音量十倍的增长。
例如，50 dB 就是 40 dB 的十倍。
170 dB
150 dB
100 dB
80 dB
60 dB
30 dB
0 dB

[损伤级别]
飞机降落
飞机在 300 米处
大力关门
大声谈话
纸张的沙沙声
[能够开始听到的]

家裡噪音的污染
聲源
电视
电冰箱
吸尘器
洗衣机

Noise level (dB)
65-67
44
87
61

Sourse
音箱
空调
厕所冲水
研磨机

Noise level (dB)
75
61
76-80
82

备注 . 现在新的电器（电冰箱、洗碗机、洗衣机）比旧款的要安静些。
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APPENDIX F
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Appendix F (Chinese)
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Appendix G

Form B: Noise Pollution in Homes
Kind of noise in homes

Ways to reduce noise

What have you found from this exercise? Summarize:

_________________________________________________________________________

_________________________________________________________________________
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Appendix G (Chinese)

表格 B: 家裡的噪音污染

家里噪音的种类

降低噪音的方法

在这个练习中你发现什么? 总结:
_________________________________________________________________________

_________________________________________________________________________
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Appendix H
Measure 1: Perceived Notion of Creativity

Your name: ________________________________________
Dear student,
Thank you for participating in this exercise. Please answer the following questions. There are no
right or wrong answers to these questions. We simply want to know your views.
How can you tell someone is creative? Write all you can think of.
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Appendix H （Chinese）
測量 1: 对创造力的看法

你的名字: _________________________________

亲爱的学生：
感谢你参与这个练习。请回答以下问题。这些问题没有正确或错误的答案。我们只是想知
道你的看法。
你如何辨认一个有创造力的人? 写出全部你能够想到的。
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APPENDIX I
Measure 2: Thinking and Imagination: Problem Solving*
Your Name: _________________________________
Problem 1
Assume that your home is located in an area where street traffic is very heavy. Traffic noises
from car engines, buses, trucks, and motorcycles are loud. The noise pollution from the street
affects your sleeping and health negatively. You also hear traffic noises when you are doing
homework, distracting you from completing it. Think of ways to reduce the traffic noise, so you
can focus on working on important projects that require concentration. List as many ways as
you can.
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Problem 2
Suppose you are a member of an organization that finds problems and issues involving living
things on planet Earth. It was announced that noise will be a topic to be discussed at the next
meeting. All members will bring any and all possible questions that have to do with noise. You
want to bring as many questions as you can to the meeting. List all you can think of.
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Problem 3
It was unusually hot last summer in the city of XYZ. No homes in this city have air conditioning,
as the weather has never been so hot. Anticipating another hot summer next year, but not
wanting to spend money to buy air conditioning units (that is, people think that the weather in
the coming years will not be too hot), what can people in this city do to cool their homes?
Assuming that you are living in this city, list as many ideas and solutions as you can think of.

____________________________________________________________________________
* The Imagination and Thinking: Problem Solving (Hong & Peng, 2012) is not to be copied or reproduced in
any form without written permission of the author.
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APPENDIX I (Chinese)

测试 2: 思考和想像：解決问题*
你的名字: _________________________________
问题 1
假设你的家坐落在交通繁忙的地方。来自发动机、巴士，卡车，和摩托车的交通噪音很大
声。马路的这些声音污染给你的睡眠和健康造成不良的影响。你做作业的时候也听到交通
噪音，影响你完成作业。请你思考不同的方法去减低交通噪音，以便你能专心地做好极需
注意力的重要任务。列出尽可能多的方法。
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问题 2
假设你是一个寻求有关地球生物问题的组织的一名成员。下一次的议会主题将会讨论噪
音。所有的成员将会提出有关噪音的问题。 你想在大会里提出尽可能多的问题。列出你
能想到的。
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问题 3
去年夏天 XYZ 城市异常炎热。因为这个城市通常天气都不会很热，因此城市里的房子都没
有空调。人们预期今年将迎来又一个炎热的夏天，但又不想花钱买空调 （因为人们认为
以后几年都不会像这两年天气那么热）。 这个城市的居民应如何让自己的家凉快一些
呢？假设你在这个城市里居住，列出尽可能多的想法和解决方案。

____________________________________________________________________________
*《思考和想象：解决问题》 (Hong & Peng, 2012) 未经作者的书面许可不可以复印或以其它形式复制。
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APPENDIX J
Measure 3: Noise Unit Quiz
Name: _______________________

Student ID: _______________________

A. Fill in the blanks (1 point for each blank)
1. Figure1 shows the waveforms of the sound A & B,
We can know figure A is the waveform of _____, because______
and figure B is the waveform of __________, because ______

A

B

Figure 1. Waveform A & Waveform B

2 .The major ways to control the noise effectively are (1)_________, (2)_________,
(3)________.

3. In the modern cities, there are noise detectors installed in the main streets. If a noise
detector shows the number as 53.26 at a certain time, the unit of this number will be
___________. When a motorcycle passes by, the number on the device shows will
________. (increase/ decrease/remain unchanged)

4. Before the earthquake, we will often see the animals become anxious. The scientists
found that it is because they can hear the sound from the ground vibration. However,
human cannot hear this noise, because________________.
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B. Multiple choice questions (1 point for each question)
1. There are four kinds of sound in the followings, ( ) is categorized as noise.
A. The melodious music played in the park and people dance with the music.
B. The sound of a tractor driving on the road
C. The teacher's voice in the classroom
D. The voice that people speaking in a conference room

2. From the perspective of environmental protection, ( ) is not categorized as
noise.
A. the brake sound of a vehicle
B. The sound of an impact drill
C. The beautiful melody played from the violin
D. The loud song played from the audio equipment

3. An alarm clock is ringing. Someone puts a bubble wrap under the clock to weakened the
sound of the alarm. This is ( )
A. to reduce the noise where the sound is heard
B. to block the transmission channel of noise
C. to reduce the noise heard near the human ears
D. To extend the service life of an alarm clock

4. In the following measures, ( ) is not a method to reduce noise.
A. Install a muffler to the exhaust pipe of the motorcycle
B. Install sound insulation panels on both sides of the main roads
C. Use sonar to detect the depth of seawater
D. Workers put on earmuffs in the textile workshop
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5. If your neighbor from the adjacent property always play music loudly that affect your
learning and rest quality, the ineffective method to reduce noise is ( ).
A. Close the doors and windows
B. Use cotton earplugs
C. Open the windows to facilitate air ventilation to let the sound out
D. Hand the quilt on the window

6. The washing machine is making vibration noise as it is not placed steadily, the best
solution to solve this problem is (

).

A. Adjust the washing machine and to place it steadily
B. People inside the house wear earplugs
C. Close the door of the laundry room
D. Add more water in the washing machine

7. From the perspective of environmental protection, (

) is not categorized as noise.

A. In school time, the karaoke center near the school play the loud but beautiful music.
B. In the morning, the elderly is doing exercise accompanied with the melodic piano
music, which is refreshing.
C. When watching movie in cinema, some students are talking loudly and happily
without considering other audience.
D. The car horn sound and the engine exhaust sound on the road.

8. The correct statement about 0dB is (

)

A. 0dB means no sound, that is, the object is not vibrating.
B. 0dB does not mean no sound. It is the weakest sound the human can hear.
C. 0dB is the rustling sound when the breeze blows away the leaves
D. None of the above statement is correct
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9. The following situations, (

) is using sound absorption to control noise.

A. Ban to use car horn in city
B. Switch your mobile phone to silent mode
C. Install soundproofing materials on the wall in the recording studio
D. Wear helmet with earmuffs when you are working near the plane.

10. In the following materials, which is the most effective material to insulate sounds (

)?

A. Wood board
B. Hard plastic board
C. Metal board
D. Foam board
C. Exploration & Application

1．The following is a diary of Xiao Ming:
Wednesday, October 15, Sunny
Ding, ding, ding, the ring broke the tranquility of the school campus. It was time to leave
school. I carried my school bag walking on the street. The street was very crowded and noisy. I
could hear the noise of selling, car horn sound and whistle sound. All these sounds combined
was just like a wonderful symphony. When I reached home, I put down my school bag and laid
on the sofa. I was tired after a long day schooling, therefore I played some beautiful music to
relax. “Xiao Ming, turn off the tape recorder!” This was the voice of my father. He was reading
books in the study room. I was puzzled and sad.

(1) According to the diary, please list out few questions that are associated with the sound
phenomenon. (3 points)
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(2) What is the reason that Xiao Ming’s father did not allow Xiao Ming to listen to the
music? (3 points)

(3) Can you help Xiao Ming to think of a solution to solve this problem so that he can listen
to the music while not interrupting his father to read? (3 points)

2. The residential balconies are generally equipped with security nets. There is a large iron
board placed above the net as a weather shade so that the things inside the net will not get wet.
However, when the rain drops on the weather shade, this will create a loud da-da noise that affect
people‘s sleeping at night. Can you think of a solution to reduce this noise? (5 points)
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APPENDIX J (Chinese)
噪音单元测试
姓名___________________ 学号_____________________
一．填空题 (每空格 1 分)
1. 图 1 中 A、B 是两种声音的波形，由图
可知图 A 是__________的波形，理由是________；
图 B 是__________的波形，理由是________。

A

B

图 1. 波形 A 和 波形 B
2. 有效控制噪声的主要途径有: (1)____________, (2)____________, (3)______________.
3. 现代城市里常在主要街道上设置噪声检测设备，若某一时刻该装置显示的示数为 53.26 的数
据，这个数字的单位是______，当有摩托车驶过时，显示屏上的数据将会______。（填"变大
"，"变小"或"不变"）
4. 在地震来临之前，常常会看到一些动物烦躁不安甚至恐慌，科学家们研究发现，原来是因为它
们听到了来自地下的震动声，但此时的人却一无所知，原因是
__________________________________。
二．选择题(每题 1 分)
1. 下列所给出的声音中，属于噪声的是（ ）
A. 公园里悠扬的音乐，人们在音乐中起舞

B. 马路上拖拉机行驶的声音

C. 教室里教师讲课时的声音

D. 在会议室里人们发表讲话时的声音

2. 从环境保护的角度来看，不属于噪声的是（ ）
A. 车辆刹车声

B. 冲击钻发出的声音

C. 优美的小提琴声

D. 音响设备发出的震耳的歌声
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3. 有一闹钟正在响铃，将闹钟用泡沫塑料垫起，使其响铃声音减弱，这是（ ）
A. 在发声处减弱噪声

B. 阻断噪声的传播途径

C. 在人耳处减弱噪声

D. 为了使闹钟的使用寿命延长

4. 下列措施中，不是为了减弱噪声的是（ ）
A. 给摩托车的排气管安装消声器

B. 在城市主要道路两旁安装隔音板

C. 利用声呐探测海水的深度

D. 在纺织车间工人带上耳罩

5. 假如跟你住对面楼的邻居经常大声播放音乐，干扰你的学习和休息，下列措施中无效的是
（）
A. 赶快将门窗关紧

B. 用棉花塞住耳朵

C. 将窗户打开，让空气加快流通，使声音跑出去

D. 将棉被挂在窗户上

6. 由于洗衣机没有放稳所产生的振动噪声，最好的处理办法是 ( )
A. 调节洗衣机的脚旋钮，使其平稳着地

B. 室内的人带上耳塞

C. 把放置洗衣机的卫生间门窗关上

D．在洗衣机内加更多的水

7. 从环境保护的角度看，不属于噪声的是（ ）
A. 上课了，学校附近的卡拉 OK 厅播放出十分响亮优美动听的音乐
B. 清晨，公园里播放着优雅琴声，伴随着老年人的晨练，令人心旷神怡
C. 看电影时，几个同学在一起旁若无人地高声谈笑，表现十分开心
D. 公路上机动车辆的鸣叫声，发动机的排气声
8. 下列关于 0dB 的说法正确的是（

）

A. 0dB 是指没有声音，也就是说物体没有振动
B. 0dB 并不是没有声音，而是人们刚刚能够听到的最弱声
C. 0dB 是微风吹落树叶时的沙沙声
D. 上述说法都不正确
9. 下列事例中，属于吸音减少噪音的是（ ）
A. 道路两旁边植树

B. 上课时把手机关机或调静音状态

C. 在录音室的墙面上贴隔音材料
10. 以下材料中，最有效的隔音材料是(
A. 木板

D. 在飞机旁工作的人员佩戴有耳罩的头盔。
)

B. 硬塑料板
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C. 金属板

D. 泡沫板

三．探究和创新
1. 下面是小明的一则日记：
10 月 15 日 星期三 晴
叮铃铃，叮铃铃，清脆的铃声打破了校园的宁静，放学了。我背着书包走在回家的大街上。街
上人来人往，喧闹非凡，叫卖声、车铃声、汽笛声仿佛汇成一曲美妙的交响乐。回到家里，放下书
包，躺在软软的沙发上，觉得上了一天的课有些疲劳。当我打开录音机欣赏那优美的轻音乐时，全身
的每一个毛孔别提有多舒服了。"小明，把录音机关掉!" 这是爸爸的声音，他在书房里看书，我的心里
不解，心也凉了半截......
(1) 针对日记，请提出几个与声音现象有关的问题。（3 分）

(2) 小明的爸爸不允许小明欣赏轻音乐的原因是什么? （3 分）

(3) 你能帮助小明想想办法解决这个问题，让他们都能两全其美吗? （3 分）

2.现在的居民楼一般都装有防盗网，网的上方有一块很大的薄铁片做成的挡雨板。这样在网内的
东西才不会被雨淋湿，可是每当在下雨时，雨点打在挡雨板上，发出了很响的嗒嗒声，如果在夜里，
这个噪声更是影响人的睡眠，你想个办法减小或消除这个噪声？（5 分）
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Appendix K

Study Information (STUDENTS)
TITLE OF STUDY: Effect of science instructional model on thinking ability and
science achievement in Chinese students
INVESTIGATORS: Michael Nussbaum and Yun Peng
You are invited to participate in a research study about a certain way of learning and
thinking about science. For about a week, you will learn about the properties of
sound.
The program will consist of four 40-minute periods. You will receive instruction in the
first three periods -- exploring sources of noise, understanding the effects of noise, and
finding out the ways of reducing noise. In the fourth period, you will complete a student
information sheet, two questionnaires, and a quiz on the materials you learned. After
the program, you may be selected for a short individual interview.
The results of the study will provide educators and researchers with valuable information
that can be used to improve science instruction. We also hope that your participation in
this study will help you become aware of the way you think while learning science. If you
want to stop at any time, just let the teacher know.
The information gathered from you will be labelled with a number rather than your name.
Your answers will not be made public; we will only show numbers on how the classes did
as a whole. Your name will not appear in our report, and all information that is collected
will be completely confidential.
You will be asked to share your ideas with the other students about noise and how to
reduce it. If that makes you uncomfortable for any reason, please let us know. We want
students to share many different ideas about the topic.
If you have any questions regarding this study, please email Yun Peng at
pengy@unlv.nevada.edu.
Thank you for your cooperation in this research project. Sincerely,
Michael Nussbaum, Professor, University of Nevada, Las Vegas
Yun Peng, Doctoral Student, University of Nevada, Las Vegas

I wish to participate in this project.
Student’s signature

__________________

#1038951-1, Expiration: 05-08-2018
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Appendix K (Chinese)

研究项目信息(学生)
研究题目: 科学学科教学模式对中国学生思维能力和科学成绩的
影响研究者: Michael Nussbaum 教授 和 彭云
你现被邀请参与一项有关对科学学科学习与思维的研究项目。在一个星期左右的时间
中， 你将会学习有关《声音的属性》。
这个项目将需要四节课的时间。你将会在前三节课接受教学 ——探索噪音的来源，了
解噪音的影响，和找出减少噪音的方法。在第四节课，您将填写学生信息表，完成两份问卷
和一份单元测试题。项目结束后，你可能被抽中接受一个简短的个人访谈。
研究的结果将会为教育工作者及研究者提供改进科学学科教学实践的宝贵信息。我们
也希望本研究能够让你意识到自己在学习科学学科时运用的思维模式。你有选择的权利。如果
你不想参加了，就直接告诉老师。
从你收集到的信息将会以代码形式被识别。学生个人的回答不会被公开，所有的数据
将以整体的形式被使用。也就是说，你名字将不会与研究报告相联系。所有收集的数据将是完
全保密的。
你将会被老师要求与其它同学分享你对噪音的看法和如何减低噪音的方法。如果你觉
得不舒服，请告诉我们。我们想要学生对学习的主题分享不同的看法。
若您对本研究有其它问题，请给彭云发电子邮件(pengy@unlv.nevada.edu)。

Michael Nussbaum, 教授，美国内华达州拉斯维加斯大学
彭云， 博士研究生，美国内华达州拉斯维加斯大学

我希望参加这个研究。

学生签名

#1038951-1, Expiration: 05-08-2018
192

Appendix L

Study Information (PARENTS)
TITLE OF STUDY: Effect of science instructional model on thinking ability and
science achievement in Chinese students
INVESTIGATORS: Michael Nussbaum and Yun Peng
Your child is invited to participate in a research study about a science instructional
model and thinking ability. For about a week, your child will learn a segment of a
science curriculum unit (sound property) in an afterschool science interest group.
The program will consist of four 40-minute periods. Your child will receive instruction in
the first three periods -- exploring sources of noise, understanding the effects of noise,
and finding out the ways of reducing noise. In the fourth period, your child will complete
a student information sheet, two questionnaires, and a quiz on the materials he/she
learned. After the program, your child may be selected for a short individual interview.
The results of the study will provide educators and researchers with valuable information
that can be used to improve science instruction. We also hope that students’ participation
in this study will help them become aware of the way they think while learning science.
We hope and expect that your child will enjoy participating, but if for any reason they do
not enjoy it, they can drop out at any time.
The information gathered from your child will be identified by identification codes.
Individual students' responses will not be made public, and all data will be used only in
summary form. That is, your child’s name will not be linked to the study report, and all
information that is collected will be completely confidential.
If you have any questions regarding this study, please email Yun Peng
at pengy@unlv.nevada.edu.
We hope you will encourage your child to participate in this research study. Thank you
for your cooperation in this research project.
Sincerely,
Michael Nussbaum, Professor, University of Nevada, Las Vegas
Yun Peng, Doctoral Student, University of Nevada, Las Vegas

I agree my Child

to participate in this project.

Parent’s signature

#1038951-1, Expiration: 05-08-2018
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Appendix L (Chinese)

研究项目信息(家长)
研究题目: 科学学科教学模式对中国学生思维能力和科学成绩的
影响研究者: Michael Nussbaum 教授 和 彭云

你的孩子现被邀请参与一项有关科学学科教学模式和思维能力的研究项目。在一个星
期左右的时间中，你的孩子将会在课后兴趣小组学习《声音的属性》科学学科单元的部分教学
内容。
这个项目将需要四节课的时间。您的孩子将会在前三节课接受教学 ——探索噪音的来
源，了解噪音的影响，和找出减少噪音的方法。在第四节课，您的孩子将填写学生信息表，
完成两份问卷和一份单元测试题。项目结束后，您的孩子有可能被抽到接受一个简短的个人
访谈。
研究的结果将会为教育工作者及研究者提供改进科学学科教学实践的宝贵信息。我们
也希望本研究能够让您的孩子意识到自己在学习科学学科时运用的思维模式。我们希望您的孩
子能在参与的过程中得到乐趣，但如果有任何原因他们不喜欢参加，可以在任何时候退出。

从您孩子收集到的信息将会以代码形式被识别。学生个人的回答不会被公开，所有的
数据将以整体的形式被使用。也就是说，你孩子的名字将不会与研究报告相联系。所有收集的
数据将是完全保密的。
若您对本研究有其它问题，请给彭云发电子邮件(pengy@unlv.nevada.edu)联系她。
我们希望您鼓励孩子参与这个研究项目。谢谢您在本次研究中的合作。

Michael Nussbaum, 教授，美国内华达州拉斯维加斯大学
彭云， 博士研究生，美国内华达州拉斯维加斯大学
我同意让孩子

参与这个研究项目。

家长签名

#1038951-1, Expiration: 05-08-2018
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APPENDIX M
Student Information Sheet
Your name:
Program Class:
Original Class:
Your student ID number:
Your Sex (check):

( ) Boy

( ) Girl

Your age: ______
What is the highest level of education completed by your father? (Please circle one letter only)
A. Did Not Complete High School
B. High School/ Vocational Secondary School
C. Some College
D. Bachelor's Degree
E. Master's Degree
F. Advanced Graduate work or Ph.D.
G. I don’t know
What is the highest level of education completed by your mother? (Please circle one letter only)
A. Did Not Complete High School
B. High School/ Vocational Secondary School
C. Some College
D. Bachelor's Degree
E. Master's Degree
F. Advanced Graduate work or Ph.D.
G. I don’t know
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APPENDIX M (Chinese)
学生信息表
你的姓名:
项目班级:
原班级:
你的学生 ID 号码:
你的性别 (打勾): ( ) 男生 ( ) 女生
你的岁数? ______

你父亲完成的最高学历？
(请圈出其中一个)
A. 没有完成高中
B. 高中 / 中专
C. 少许大学课程
D. 本科学位
E. 硕士学位
F. 博士学位
G. 我不知道
你母亲完成的最高学历？
(请圈出其中一个)
A. 没有完成高中
B. 高中 / 中专
C. 少许大学课程
D. 本科学位
E. 硕士学位
F. 博士学位
G. 我不知道
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